2*1 ^ = £*K*RerEe> w *] *ReQHeJ«*J 

Usinj Hie identity BeTAei^J = 2 .Z Ee jC °*4- Ef £ J 
The inst'o^i' Po^ntin^ l/ectror Can be cOntten &$ 

^ ={irg«J v *+i 4 ^ iw *3 } H V> wt J ) 

= i ( ^CExH* + E^xH] + irixHe J ' iW + ^*yi±*e~f ut J } 

= i{iC§xH*+ CE xh*)*] + e» wt )*3 ] 

Us'mj "the aboue identity c^tOn , but "tfe tri we f*> reverse order 
U)e On co rite that 

-U) ^itReCBXH*)] tiCReCexHe)^] 


2 - 2 . to) ~i[EXH>] = ^dr^^~ v) = 0.03315 Oh Watts/n * 

(\>) Pnxd = j>, w rad 4s = £"£*£6. 03315) C r *S‘in 0 de d/f ) 

rJ.TT fTT 

- J o J Co-03315) Cloo)t 5iif)0 dfidp' 

= 2TT C0.03Sl5^Cl60)^ £ $ir>ede = 2 tt( 0. 03315)0 00 ) * Z 
~4l6S' f 75 watts 

2 3. (CS) = 4TT (JfWCVX _ 4TTf^OO *|0 3 ) — ,22.22 = 13 

Pro.d 0.? ( US.66Xlo _i ) 

Go = St Do = 6.3 (. 22 . 22.) -20 = 13.01 de 

(b) P D = A* blw&y , 4Trtoooxio~ j ; 

had Cl25.€6*fo*) = ' 2 °" I30NB 


Go = e *- Do - O.f Oo)=(8 =l2 55dB 



1 



2 A 


2-5 


U =■ Bo Co$ 4 ft 


^ Pm<* - j" U^IM6 els ~~ B 0 J"^ j" CoS 3 © S'nifl dfi dpf 

r »/* , 

= 2TTB ft \ Cos*6 3iV)8aS 

Jo V 

Pr 0< * = 2TTBo (- ^Q_) Ti = f 6 0 = I O^0, S | = 6-366.2 
U = 6 . 3662 . CoS 3 © 

W — -K = i^l£5 0,^9 = 63< ^ . CoS 3 6 = 6-3 662 X lo“.W« 
v* i" 4 - 6|o 3 ) 4 

Wj^ = 6.3662.X10 6 - CoS^el = 6-366Z Xlo“* Watt'S /* 4 

1 may 

(b) 0o = ^ (6-366^) _ g _ ojg 

Pr<^ 10 

60 Go = e-t P° = 8 = ? dB 


UIW)* 


1 O°Se«20° 

0.34 .2 CSC(6) -*O 4 40-£6O° 
0 60°4 6 $ 180' 


0°6 # $.360° 


r ( 2 r 60 

Pmct^PT UfG,^)^© A6d f * Z* vSin©ae + l 0-^-2- c SCC&3X 

Jo Jo L Jo >U 0 

1 V? 1^3 1 

sine de J = ^ | - c°$e + °- 3 ^ 2 ■ 6 | J 

= *TT j ^ — Go>S ( ^-)+ I J + 0.34-2 (3 ? ^ ^ 

= iTT { [-0.?3?6?f »3 + °' 342 n ( } 

•= 2 ,tt | o.o6o3| + 0 .23876 | = 1 .81V2 

|a - 4n Unift/ =. 41T CO =. £ £8131 ~ 8 .25255 dB. 
fUl /87?I2 


2 



2-6 


(A) Po ~ 41, 253 = = 3 ?. 29 = 15. 74 alB 

0 id $Zd 05 ) 

^ ern = ilT &> 

(fc) P 0 ~ T3.,8l5~ = *72,815 - S4-.Z7 = 15.35- ctB 

6,d + Oid C30)\ C35) x 

^ ew = aV Do 

2-7 Q o = 4 Tr Uv^ax 

Pr a o( 

O) U = Strife vSin/ fbr O^pr^TT 

Ulynax — I ar) d & occurs id hen 6 - . 

Prad=J J ~ usi » ieJe < l /= I " siy ) 4 e ^ - ^( t )= 7T - 

Thus D 0 ~ — M 1 * =4 - 6 . 02 d& 

The. halj'-pocoer beAvntoidths are ecjuaH to 

HPBW Ca*. ) = 2 1 Jo a ~ sSi'nT'c &)J = ( To°-3o°) = «- 0<> 

HPBWCe/.)=^[‘fd, 6 -sin'’C'A)J = ^C?o°-3o°)= IUo' 

Xn a similar Warmer, (boar be sfooton ilncd: jx>r 

(b) U = sin6 s'cnV ^ Do =^5.0? = J.07dB 

HPBW Cei.) a (^o“ HPBW(q 2 .)= ?o° 

(c) a = 'Si v >© ^(Ti'y ^ Do=- = 7-78 dB 

HPBWCei .) = [*o°, HPBWCft^;^ '74.?3° 

C4) U = 5iV)0 ^ p 0 = i^ir/g = 4-.'7| = 6 73dB 

HPBWfei.) - Jo', HPBWca?.)^ izo' 

(e) u= Sinks'. mV ? D c = * = 7.'78dB, HPBW^a?.)- HPBWfei.)= ?o° 

Cf) U — Siyi^Q siviV D 0 - ^ K A ~ ?°7 =• <S.47dB 

HPBWOX)= JO', HPBWCa2.) -74.75" 
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2 - 8 . 


2-9 


UsiMj t^e. hatf-pou)er beamulidliis ^ouioo( in the previous pnsfcle'v *1 

(problem 2-7), +be. directivity jbr intensify usin^. Praus > 
and Tai and Pereira's fomulciS is Jt Ven by 

Ursine ; <«> D. ^ - 4'- j53 = = ^.86 i4 S '7^e 

®U <9*4 130 C(-iq) 

Cb) P 6 — )6|5 ~ . = 5 J2 >^‘ g ~ *.53 = 4 .03 d8 

®W ■+ ©jti CPo) a -r CHo) 3 - 

U= sine si n> : 

C<>0 Do - 3-82.= &-83dB 
cb) 0 6 C: 3.3.4 = 5-10 d6 

U =Sin 6 Singes ; Ca) q> o ~ 4.5? = 6.62 dB 
Cb) D 0 =r 3.64 = 5-61 dB 
U = Sin^s ■'S'in/J (<x) D 0 ^3.6z = 5-82.dB 
Cb) Do — 3.44 = S-lo dB 
U = SinV$in>j Co-; Do ^ 5.0? = 7.o i 7dB 
CbJ> Po 44? =^.53dg 

(J - siv^e sin^; c<o D 0 -5 . 12 -7 S7dg 
cb; 0c^5-S | =7.a5-dB 


<40 Do - 


_ 4-T 


(Dir® 


U v 


= . 4 JT , = 5. 53 77 = 7- 433 dB 

C/-S064) 1 - 


c b) D 0 = 52 . £n U) _ 32-inCQ 

(B)ir ■+ ® 4r (1-5064) X -4- CM? 0 64 )■*" 

= 6-8706 d8 


= 4- 88 725 


2-10. Ca) [) 0 = 4TT Umax - Umar 

Pi -<*4 Cio 

PrM=j ^ (J 5in 6 do df2S = 2ir|~ U'Stn&d& ~ >2lr []" 'SlbfrdS + 


Jte50Stn6 d6 4- ^r« 0 |)<sir)6 d$ j = Zl\ ((~&S 6 )^\ (- ^ )|^%(-o.|c<tf6) |^”j 

CContinued) 
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2 H 0 CCoflt’cO - an . f (-0.866 + 1) -+ ( - 0-5 + 0.86 6 J + £ -0 + o-S j j 

Pra4 = ZT { -0.866 + I - 0-25 + 0.433 + 0.05 } = -2TT ( 0-361) 

~ o. '734-TT = ^.3 OSJ 

[X - JJUO = 5.44% = 73636 dB 
■ Z - dCS ' j ’ 


Ci>) Do Cdtpole) = 1.5 = 1-161 dB 

Dc (ak)\/e dipt |e) " C 7 3636 — 1-7^ O = 5. 6 026 c(6 

D 0 Caboue dipole) = c 3. 633 - S- 6 o 3 d 6 

I *5 ^ 

2-11. =■ ^ UC6,f2S) S'me d6 dj2S r^psd/.^ CoS.*^ Sing dQ 

= GtXtJ = T . 

Umar ~ U (6*0°, 0 ~ %..) — J . . 

Do = -j h JL U Bf^ _ 4 !L = 20 ~ i3 o dB 
Prad i.^/ 5 ) 

Gd) Elevation Plane : 0 varies > 0 fored 


-* choose 0= K /n. 

u ( fl , 0 * * 72 .; = a > s 4 e j o < & 6 : n /z. 
CoS 4 [ HP ^ /Cef D ] = 4 . 

HPBWCei.) = 2- Cos'{yf^5} = 63-5°. 


2 - 12 . 






1 r Ar TT / j 

Si«6<te+j^ £ 7 ^ G&sflSinfl<d0 




= 2 ir (- CoS 6 |^ /(f t 


0.666 


(-£“§!!) ^ }=^n [- 0 . 866 + 1 + 0-4331 

V 2-/^1 


Dc = — - U _- = il21 = 3.5273 = 5-474?d 8 
Prad 3.S‘6-*6 


= 3 - 56^6 


(k) jj = c°s(6) _ 0 5 ^ CoS6 - o. 5(0.866,) = 0.433, 0= Q>s'(o 4**) * 6434" 
0.866 

0 lr = 2 ( 64 - 34 ) = I 28 .es' = *- ^46 ra 4 « ®±r 

T), £; — = _ 4 I - 2 . 4 T/ 2 . = 3 .? 64 llB 

0 ir (p.Z46) 1 ' 


S 



2-13 


a. 35 d 6 




Emay 


= 11-1.75' 


n»<xx 


- |0 , 75 = ££. 234 


2^14 a - u=s ' ,ne - umax=i - &*» *iTJ us ' mfid6 ^ **■ 

Do= 4? IW = 4IL = 4 = 1.2732. 

Prod 77 17 

b. HPBW*lao*. _ 

The direct i\/liy based oh U-J$«0 « s etjutd to, D 0 7 ao -_ aoo27 ^ 

While that based Oh C 2 -*?k) is uatf to, [> o = -/$*. 4 + /?/ / 0 8( g _l_T = 1 .^45- 
C. Computer Program [>o = l -2.132. 

2- 15 . ft . u =si» s e, 

b. HF«= «?3 - 

frorti D 0 = - 1 — - 1.6877/ 




K ; 


(74 ?3 , ‘)-o.oo27(74.f3 t> ) 
Fro* (2-33i>; ( 9 0 = - 172 . 4 1 /?/ ^o. 8(g + 
c - Computer prelaw* Oo= l.6?766 


74. f 3 


= \.7S02.f 


The Value of Do 6l6?7£) is Sim iky to that of C4-^;oy 1.6 43 


2-16. a. u=Jl l f^si |16 ) , 

a=Yio, -kasinfl = -Jjsme. HPBV=?3J0° 

From (.2-,3ia) 9 0 = lol/i; (f£j 0 )- 0 . 0 OX 7 C 93 /Cj a ] = I. 4 . 4 .J/J 20 

FreYH C2-jn; Do = -/71.4-tiy ^6818 + ■= [. 47747 / 

^4Sin6=JLsir)e, HPBh/=7/./o® 

From f J - J?a) , D 0 = /. 47033 , From ( 2 - 3 $ \ } ) ) Q a = 1 . 

b. a ^ p rfld = J^^Ti^easioe) s\oeole^s o.7638oVS 

IW= O.o S?J .. Po= ■gr_fo?g/ J £ ) = i.467/7i 

' 7638045' 

n tv n /-iTT r tt 

a "J5, rrad = j 0 J 0 Ji C%> •Sinfl)-s’me<iflclpf = 


Umax = 0.OZW/4, Do = A*CO.Oi4o7/V _ ( 

O. 2.02.604. 

If the radius of loop is S Waller *h«w Vao j thedkecKoi 

(Appr^acla *-o b b 


»ify 



2-17 Usinj -tie nuwericcJL -trecbnicfues, tbe directivity 6>acb fa tensity 
Qf (Prob- 2"7 ,) Coitb 10° umijorw oki>S <«S ec^uai. ~tc 

u= S.ne s'm/ j c*) Wpofat ; D 0 = 4 tt U™ 0 * 

is Pr*v4 

Um<vr - 1. p m d = t| JE_ sin 0 d - X. si 

Si- -gg + 0 78 , * ~ 1 1 j > *® 

% = 36 +C j-^l|, J= 1*4,3, ■■■ J IB 

ProuJ = ((T) i O!.586S6)(:8.??a4)= 3.117 

D* = * VC V = 4.03 = 6.05 dB 
3.117 

(Id) Tnxill'nq eolqe each c/iVis'ion 
Traiiiyi<j edve. ; 6;=^^/'S), 1 > ‘® 

J J /2Tj =j CV<8), j=l, 2,3, - ,/e 

Prac/ = ^j a 0/.2 5 - 640 ; (8-76785)= 3-°76 

Do - 47r £U =: 4 07 = 6.l|ol!3 
3.117 

Xvi A. iSlvnilar wavmer 

U =Sinfl 5in> ; Co-) Pba4 =2-463 =$ 0 C = 5-(o = 7 01 dB 
c y ) FUd= 2-451 =?> Cb = 5-|3 = 7-lodB 

U =sine Sin> ; O) p r ^ ol =^.o?2 =*> Do = S-Ol = 7-7?dB 
Cb) Pkd =2.086 =*► D 0 = 6.02. = 7.8 OdB 
U=SiyTe- 3 (Yl 0 - • (a) fVad r: 2-467 => D, = 474 = 6-76 olB 
do Prad = 2. 6 1 8 => Do = 4 .80 = 6-81 

U-aVe o) FV«d =2-o?2 = 7-7^8 

cb) p ra d = 2.686 => D 0 = £-02.= '7-80dB 

U-Si^d-SniV; <f<x) R-ad = 1-777 =»R>=7-07 = £-47dB 
Cb) pv a d = I-77S" 4> Db= 7-6fi * <S-S0°<8 
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2 - 18 . 


procjravn Direct iu 
of chapter 2 , the direct-cities for eack radiation intensity 
°f Problevn 2 . 7 are 0|uaC to 


Ltjy at the end 


(J-Sing the Computer 


a . U = sine sin/ ; p rac [ = 3. 13 1 8 

IW = 1 ; Vo = ^ = 4.6US ^ 6- 034dB 

b. (J='Sne sin ; y ; P rad = 2.4590 

Umo*=l ; D 0 = J£_t_ = 5.,, 0358 o84S - dB 

C. U = sine-sirfa ; P ra d = -2.0870 

Uwa* =1 ; Vo = = 602124 =* 780 dg 

d. U = Sin^Sin# ; fVod =2.657? 

Umox = 1 ; Do = = 4.727 ?3 * 6.746 dB 

e. U = sin 3 © Sin^0 j ProJl = 2.o87o 

Do= 6.02126 * 7. 7?£6dl5 


f. U = Sin x 0sm'V ;Prad =| 77l4 

^0= = 7.0?m * 8.508? dB 


8 



2*19. (oo. £1^= Cos^(Cose-i)J 


2-20 




^ 1 


at- 0*0°. 


0.707 Emax = 707-0) = CoS r^CCose,-03 


xOCos6|-|) = ^ 


_ f Cos'fe) = oloes no-t exist 


'1 


Cos' Co) ~ “fo" = \ 


®ir = <9U = 


D e ^ -4L = 41 = -^= 1-273 •= 1 . 0 4? dB 


®,r® 


ir 


<L>. 


Using t^e Computer projtow a t" the. end o J Chapter 2. 

Do = 2.007e7= 3.0 2.7 °tS 

Since the pattern is not very v>arrou) 1 the Answer- obta-WeU 
USin<j k^aus' approximate ^rwula ,'s not a-S accurate . 


vncvr 


= 1 at 6 = TT 


a. ei^s cos^Cfose+o)! 

0.7&7- = CoS$Cros&, +/)) 

tj- . + TT v _ r Cos'C-2; -?doe9 not ex,x+. 

= ** =» 9 lafco)^ }.*^ 

fl.r=0 ir - 2 C5) = Tr . 


Do — = T = = 


k. Computer Prtxjravn 

D B ~ Z-007S > ? - >3-027 «j|B 


2 - 21 . 


a 


Pm4 = p 71 "^ /i UoSmC«tS‘n6)-an6ti6 “ 2,r 'lJo i Ji(t) = U 0 F 2 Ji^) 

*37o“ 4 -< sss ' 

*• f JUff) = Q.AA r I07Z7356l6Z2. 


air 
o Jo 

0 o - 47T Urn** _ 4-TT U 

Fraci UoT^JiOQ 


Cft«ipJer pro <?rav^ 

j = rn r/ *u. sin (TTSinfO SI nb d 8d? ® ^M7c7z?3 6 6 /6/S) 


Do = 4.4735 
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2-22 


2-23 


fa). Us'iMJ the computer prtHjraw a £ the end. of chapter!. 

Do = I4-.67 £) T = It . 48 c(B 

u-± u ».i«)- t-ssEs^r 

Iteratively oue obtain 01 = -26.3" Therefore 
®j«* = = ZC*6.3')= 52.6 *. 

and JD ^ 4I> i5 ^. = 14.^1 =11-73 dB USiKKf -tie kfAK^'formula 
(51.6)* J 

CO for Tai avid Pensira’-s fbrmula. 

U> — ^ - ?•*' 8 1 5 = 13.16 = ll-if dB 

2 ®,4 2(«.«) 

U = |E| i = — 3lM0 CoS^2f =5 Uvnax~ 

M Pm * = 2 f' A £ ^ n *« a °?‘ lad r ’ 

Do = 4T U vox - 4.7T(^) _ Ji. - 5 . 0 ? ^ 7-0 7 dB 
Pracf JL 1 ~ T 
I 8 f 

(b). Umax =* at-6=7i., ^f=0 

Ji, the eiev/atl om plane through dhe WaX/mim pf=o and 
The 3-dB point occurs uihey) 

U = 0-5 Umax = 0.5C^) = sijSindj.=> Qi^Sin-'foS) *30° 

Thens.fore ©iu = -2.C70-3©.) = /Jio° 

In the a^ivnuth plane through the maximum 6 c7r /2 and (j ^ jy CeS")#. 
The 3-de point occurs when (f = o.5Umax= O S' ( ly) ~ 1 ^ 

#, = Co S ' , Co.7o 7) = 45° / (E) ad =-2t?0 o -45 o ; = ?o° 

Therefore usivKj Kraus ' formula Do — f^o^Cfc ) - 82 dB 

(c ) Usin<j Tax and fere/rals "formula. 

— 7-2,815" = >2.^4 = B.|o dg 

"©M + fl&x* CPo)Vf? o ) 1 

fd) Qs,'^ -the Computer program at the end of chapter 2 . . 

Do =r 5.164 25 = 7-13 dB 
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2 - 24 . 


2 - 25 . 


r j; define )-i x _ u 

’ J, Cteasme ) ] x 

lea sine 

fccusivi© J 


C°0 Uvwauc =■ U° C~i:) X - q v)ol /it occurs toben teasing ~o =£> & -0°, 
The '3-^8 pom -b !s obtained US(^ 

U = ^Umay = Ml = / 1 L [ . JiCka-Stne; ! _ 0.3535- 

s ^ teaStnS J -^aiSlYlG 

With *he aid c>f -the JiCO/x tcJdes of AppenoUfV 

X = -kft<Sindi = 1-61 =£ S, = <SiM 'C '*'40 - /4.B47 0 ^finr = ^?-6?4 D 

Since ©Ir = ®ar =^?.6?4°, tbe directivity isCj UcJ. to 
D 0 cz - 4-1, ^53 _ ,^<? - (g,rjo d6 

U?.6?4)* 

Linear because = 0 . 


(b) 


(a) 

cb> 

<*) 


Linear because A.p-0. 

Circular because 1. E X =E> 

2 . Ap = "4. . 

CCW because Ey ieads Ex . ^ ^ 0 

Cd) Circular because 1- Ex = E> 

2 . AJ25= ~ K /z 

CW because Ey ^°vp Ex. A^=i., T- ?o 

Ce) Elliptical because Ap Is net multiples of K /z. 

CClV because Ey .ieaols Ex . AR~ ^A/OB 
Lettimj Ex = Ey ' E° ^ 

oa= fe[o.sc+' + 'ar)]' ,i = '■ 30 ' ! “ *• U A r= tjgS 

06 ~ E 0 b o-5Ci+ i-VaJi] 1/1 - °- s 4l |<?6 Eo J 
T= To’- 5 W [£iiL^C 45 !i] = To 


0.5411 ?6 

rf***" L l '~ J 

= To - sC?0\) = 45° 

tf) Elliptical because Apt is not Multiples of ^/z 
CM because Ey 

From above OA~ l-3o656E<> \ =£> AR - -rETm?! - 2 -414 
OB = 0.54IIT6 Eo J °' S411?6 

Pcow) above T — ?o °- - 45 


C Covitinueol) 
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2-25 EjliptiffiJl because 1. E* $ E y 

Z. A fZ i\s vxjt aero or multiples of K. 
CCW because By XecwJs Ex. 

OA = Ey{i ro.iS+l+0.75]f^ £)1 y J. 

°B = £y\ iTo.ar+i -o. r rsJ} > '*=o.5 e, 1 05 

T= to - ± HuTfcg^ = To - sOtoV = O' 

(b) Elliptic^ because. -3. E x 

2. Ap ts no± zero or multiples ©£ 7T. 

CW because £y /ajs Ex 

Firom above OA ~Ey V =7>AR.= e!s =•?- 

0B=«-5E ; J 
T-?o°- inso-; =o° 


2-26. £ x CE,t) = Re LExe^ <ot+ ** + , * j0 ] = E* OSC cot +*«+/**) 

bjCz, t) ^ R e [E / e^ tJt + <e2 + 0 a > ] = EyCbsccot+kn-fy) 

Ojhere Ex and Ey are Ye ol positive Constants. 

Choosing -2=0 «nc| £e-ttmj A@ ~ 0y -tf x ~ 0y ~0 = / 0’ 

€ x Ct) = Ex as cut) 

£yCt) = Ey CcSUot+0) ) 


V *»« UK 

Ec*r) =. y £ x x + £j- = 7 Ex*a>s x cio*) + E^Co.s-Ycot+jzr; f-O 

71* moaimurK) and mini nuivii values qf C- 2 ) are *h© major and vw’iior 
&X6S of tWe po|ari-?cd:(oh ellipse. S^i^rinjj C^) and us<n^ the half-anj le 
identify, equation c-0 can be written a*s 

£■*6*) = ^ { E/+ F N f^CoSCuco*) + E/ GftC^fcaot+p) 3 } c S) 

Since Ex and Ey are Constants, the vnax/muw and rnimwu>*i vaJLues of 
(3) occur uMer\ ~f U)=- Ex x o>SC-ic<Jt) -+--Fy i &s (4) 

is maximum or minimum. These are _£auVid Icy djfereriiatircj £4) 
aad se-ttiv\j it ecjucJ. Ad -Zero. Tliu-S 

- Ex 1 £>in (mt) - By sin C^Cut-t-jz)) =o 


( Continued ) 
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2-26 County) or 

E/ Sin 62 oJ*) = -E^S-ir) raCWt-f^Oj 

~ -E^jsin-acat CoSip + cos aut sivop j- 

Dividing C£) lo y CbSCsu*) yields 

Ex A tan CiteJc) = - CiO) k ] CcSfcp) -fS'n 


C5) 


or 


Mn^wt) = -E/'sm dp) 


, , £x x + E/ CosCJ.0 ) 

Tta* tobich coe obtain thal: 

GbsCawt) = -*• E 2~ Cfl5 c -^ 

±C 

OvStMat+ip) = Ef+E/CbSC-ig; 

± P 

where ^ = V Ei 1 - + E + + a £* E, CbS Up) 


«) 

Cl) 

C8) 


& 


Substituting ( 6 )~CB) into ( 3 ) yields 

e‘= ±iE^E/±fr)j 

cobase- may/muHi value is 

t ma = QA = { ± r &■+ E/i- CH« 4+ ^ ^ E? E / ^ ] 

= os ={iCE« ♦E/-CEx 4 +e/+iE/E/cosJjz) >s j} ,i 

The. tilt anomie. T cxv\ be obtained, by expan^inj (X) and writing 

The two as 


Al _ Ztx^'i osg +_£l = sinV 

E/ - - 


c?; 


Ex Ey E > 


lobicb is +be equation af a tilted ellipse. ■ cboosma a Ordinate System 
CobaSe principal axes Coincide coith *h& imajor-cwd minor axes of He 
tilted ellipse., toe can write ihcitr 
E x = £xSin(z) -£J coscz) 

£y = 6/ coscz) -+ EjsmCzy 

where Sx' and SJ are the neio field Values alonj the new) principal 
axes Substituting Go) into n; yields 


cioy 


28*%' Cosczysmcz) __ 3 < 5 ^ £> ccscz)s\Yi(t) _ ■a^g/rosgr -cos*i) = o 

Ec A V £< £ / 


(Continued ) 
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Z~2G. (Cent ’ot) 

which when S'<>iuGcJ tilt'anjie T reduces to 

fexnfrC£-*)] = 2 E * E / as * 


or 


ES -E/ 


'X - f- - J- tan 1 pExEjpeoSpr \ 

*- Ex 2 — E/- ' 

ft>r Tnons details an the tilt avijie. d^nvatfon , See 

X D. Kraus, /Antennas Mc^rato -Hill , l?i>0, pp. 464^4.76 . 
2-27 Co.) ^ - 6* Cbsf, + &jS'mp l 

pa = CXy C^vS^a + 


PL F = I fw • fa | I Cajc OS0, -r Sin p-, )•(<£ Qgp^+a^v)^) | * 

= | Cos 0i CaS^i + vS‘nv*i >Si» p*. | 1 « I CaSC# ~0i.) 1 1 

d) ^ = a* sin 6. cosp, + aj sen e i si^« + 4^6, 

(p a = dusi'wGj ospTj.t ajSiwQ.* + a* ft^sQi 

PLF = I pL • Pa | a = | S^S| t°S0, SineiCospCj. + Si'V!©i^n^',Si , nfii-Sl(H / 0i. 

■+ CAS61 • C6S ©x_| 

PLF = IsiYifiiSmejC^/zfrO^^i + -sinpr, sinjgrj + &S& G>s 6 *.( x 

PLF = IsinG.Sinex (AS Cpi~PO + CbS6, Cos©,. | * 

2-28. Assuming electric field is x- polarized 

(a) § w = (kE^ **=>(£, =<& A ^ 

^ ~ Co® -ja^) Eofcr,©,^) =i> ft = 

PLF = | f*r fa I = -£ [ &x*&e ~j ‘ | 

Since = cu (bse GbS0 + <3j CoS© sin^r - a^'Sin © 
dp = -CUSl-n^-H ^cas^t 

PLF = ztQ>s*G Cosy; +- s'l^p) 

(lo) when Ea ^ C Qe >)E 0 ;fCr, 6,;z>) ( plF Ts also 

PLF - i: Ceos 2 © 0>s> i-sivi^) 

A more ^enerJi, but cutso more cu^le*, expression Cbvi be derived, ouhen the. incident 

electric field is df the^brw (ad* +b<$ )e~^ 2 a}here a,b are ne<=Jil cotjsfov.ts 

z t Can ie shown ClfsiiM -Hie same procedure) that ^ 

PLF - ^=d==^ [4ACDS60S^ + bsin6Si'Vi^I) i + (^' Sl ' n ^ -bCoSp)- 1 - J 
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Ca) E w = E 0 (&±jcZ / )e) l '*=} 

Ea~ EiCa s 'j<V)fcr,e ) ^;^^ a = e(0e ']%) 

PLF= £lC&±j*]) (a 6 -j$)l^ ilCti aetSyh) 

-j Ca< t cT« ae ) | 

Converting ibe spherical unit Vectors to rectangular 
as it loaS done i*n ftbiJero £.3.7, ^ e °ds to 
PLF = ^CCoSS±l) A 
ct) wKe/i 

E w * Eo (cue ± j <f\f ) e 7 ** 

Bo, ~ E 1 (a® +jdp)fCr,6,p) the. PLF is &jucd to 
pLF - «( t i) A 


2-30. iw= (AeCoSizr - cy^in^cos©) fcr.e,^; 


or 


P r O4COS0- Q0$'in0ftS6 


w ~ 

* 


YOSV -* sin*y cos*G 


jjco&r-tslntycos^ -fC^G,?) 


Thus ~ laser - <&sVwffcose 
V cosV-fs-;^ cos-'e 


and 


plf- i a -p r-if 1. o^p 

' -t* SiY)*# co$*6 •* 


Transforming _t * )G rectangular unit Vector to spberictJ U&inj 

fa^ar&'iKeccsp +og cose cos? 
the PLF redaces *o pLF= S ? 5 * 6 . 




Cos^+vSiv^Cbs^S 

The Sa*nte. ansioer \'s obtained by tran^j'&nni'nj the sphericd. unit vectovis 
^ectonjular , as a>aS done in Prob -2 --^7. 

2-31. i»« C»&*j<5)fcr,e,»=(^ifiL)V?fo;e,*; 

(£0 ~ (— ^ J =7> Waue tS Kijhr Hand CRH) 

A z' . » \ 

^ - (.£g?*) a j) 

TF 7 _ (Awtenviais LH .'n reeeWmj 

£ = -04576 cl 8 tKihjihe. -fS2j« wcc i e ,'v, Ivansmi-lHMj; 

(A"*«nxais RH ,Vi receia/'wq 
10118 “S-jt^-Sjh ^ ^ ^ lvinvm tfiyJj 


Mxenn cv 
Wave 


C CoyrtinueoO wo' 


15 



2 " 31 . (Cottt’cO (fc>) p w =■ =P Wave is Left Ha>icA CLH) 

^ Vs ' 


p a = (sax ±;<£f >, 

<5 J 


tAvdenncuvS LH m receitfiwq 

■ii* 


2-32 


PLF - I/? • P \*= rTo^”* 0 ^^ Usivk) the + nSV^ ywode Qmd RM in -trawsm'rtf^Y) 

' U-m ^8 ~ 

1 J 7H«de oahA LH r-yi-tmuswilr^ 

L/ ^ r C w „ * , A A A A 

(£, = ^X_±£l_ • P | vF = 5 ll^l . AAx+ja^ * 

** Y 5 I vz Vn 



PLF = 3 ^|(&c- 4 aO + <:^*ja})| i =jiK + j| i 


* 0-S 


2 - 33 . <a; RHCP; f^ = — 


PLF = |^-pl| z = a L -j^p ;=0 04 ^ cW6; 

v 1 Vs vs: 1 


Cb) LHCP ; p* = 

plf = ip-ar= 


a* + )' a. 


r J.“l 


VZ 

^ al* +j Q» + j a J 
Vs- * Vz 


= 0.1= -lo. o 


2 - 34 . E ; = (£-ja,)E.e 5 ki * 


A , * 


flu = 

VZ 


Y? 

CIV 


fe* A* 

E 


& 


£ 3 — ** 


(*) E a = c&c - ( -j^)E 1 e'" j * i 
= (£ili^jviE ( e +jfei 


V? 

A A % A 

fa = .ft* t) a J 
Vz 


cw 


PLF*lf w -fU^=| -1 

PLF = 1 =• 0 dB CContinueol; 
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234 Ccont-d) cio gM— 


+jkz 


A ^ A 


pa= Q3f ~) a 1 

plf = | eV f»r= | ( A^ 4 ; | = 


2-35 


VT 

pLF= 0 « -ooelB 

A _ - v *A A 

E ' - Ojc E 0 s ^ } ^ = flx 


+ i 11 * 


- 0 




E^(&+jaj)E 1 e +i **= (2^I)^E,e + i 

fa= (AlJh) 

to /U = £ e. Do I (V f» r= Oo I £■ (5, r 1 


At = 3*10* 8 _* 

1 TT-rr-o - 4iii£_ .= 3x10 


(f e*Do = S-0 
o« 

(Ox lo? 

IO” 

c^ 0 = 10 = 10 ioj l0 Q o Cd!m) 4 q- o 0ditM) = |0 1 = 10 

Ae« = ^ a. 1 £ ■ f ; |‘= Ojtfi * c 1 0; | & ■ (iiiii) | 4 


4TT 
r3 


= c,oMi)=^f (4)- 


= o.i58|X|0 5 m 4 

Cb) P T = Aehi W* = (0.3581 <* lo~*)(lOX lO'*) = 3.58| X lo~^ waits 
P T = 3.581 Xlo' 6 Watts 

2-36 . E a = C-za* ij a 'j )Ee J ^ 

p;= 

(f* ) E w = Ox fw ~ a * 

plf= iewf«r=i-#-r= 


cb) ]=^ ^ (£j E* ^wi ~ Qy 

puf= iA-sr- i5=r=i=o.2=-^^ d e 
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2 - 37 . 


Co.) - S' + Ey = 3 COS « t a casco* = 5 CoScot 
Ex = Ex' t- E* - 7coS(o>;t + JP) +3CosCcot -£) 

~ ~? 6 in Co* +3six)Cj t — - 4 S 1 HCO*- 

A(? - ^ = I ■25' 

Cb) At co*=»o, E =• 5 <* j 

A-t cot = ^a ^E = - 4 CLc 4* Fo tatiovi fw CCIA/ 

2-38 C&) pi_p = ^ independent of ^ -* rvucrt- home Cp 

AR=1. 

cb). Polarisation will be elliptical with major codes alined. 
With X-axis. 

<jdess ’• AR^ z 

Verify : ^ - (adx: -tja^ )/ -/s' 

pLF =1 f w -^| 3 -= I ^-Cosy+j^iny i x _ 40*3^+^^^ 

V5 I s 

T^O : p L p = 0.8 

'Tp-fo" : PLF = 0.2 

^ c ) PLF- 1 ok tP=M-5 6 and 2a5° 

PLF = 0 at 2p = |3S° ay , d 3, 5 » 

Polarisation mutt be. linear uiitb tW angle of 4 3° 

• '• AP = °° 
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2 - 39 . 


j - £ __ 2. 

3 (50+1+ 73) +j (25 + 42 5) U4+J675 

= 02.442 -j 6.7724) x IcT 3 = I4.I66X IC 3 ^85& 



X =42.5 


( A ). Ps = ^Re(V 3 If) ~ Re Cl* 442 +j 6.7724) X lO J = I 2 442 X I 0 3 W 
Cb). P r = £ = 7 5254 I0' 3 W 

CO. Pl= L = 0 . ( 003 xi 0 ' J w 

The remaining supplied power is dissipated as IneoX fn the internal 

resistor of the generator, or 

P 3 - =5-016? X(0 _3 W 

ThUS Pr+P^ + f^ = C7-325+ O./003 + 5-0l6?)XlO~ 3 ^ ^.4422X|0" J ^ft 


240 


The impedance "transfer equation of 
_ r + J tavu-fei) "I 
* r " C L ?c +j £l*a>icK4)J 
reduces for i = -V-S. *° iln — Z.u 
Therefore the equivalent" toad impedance, at *be terminals of -the 
cjenerrctor is the Same as thxir fir Preble™ 2- 3?. 

Thus the Supplied, racked, a^d dissipated powers are 

-the saws as those of Preble™ 2-3?. 



( Continued ) 


IS 




2'41 Cami'd) Iq=— 10 - - — - 0.0 5546 Z. 33 . 7 0 A 

J 150-jloo I8 o.34-33.'7° 

C^) p s ^ i *(0* 0.05546 X &SC33-T) 

= 0.J3I W 

6c) p A = ilI J | 1 R®{2; h j'=i:xC0.05546) A Xl00 = 0.1538 W 
Prad = e c «< Prt = 0.?6 X 0.1538 =0 . 148 W 


2-42 


G^in = 


Prad 


Accepted 


D»Vectiv/ ity 


Realljeol ^ 


Rxvai (able 
_ PayfailaWe. 
KeoXijeof Gain P \ccepi:eol 


Directivlt - ] 


7 


Q-ftln 


a, =R. 


Rxvkxc lc*i>le \4 


f 


wv\r^ 

*0 


I r 

.’= 9* 4 


Uk «*(&*« £ 

42o 


^VVVr 




£3 


f; 3 


Zo 

V(x) = A + fco) eJ**) 

(e~) k * - r«oe j * x j 
Vfo)= A(l + Ro)J) 

Ro) 

from FTj ±', -\/ 5 -Ufo) Z«,t l/(o) = 0 

-Vs +-| r 0~P6«V z * + A ° + nf °^° 
- Vs + A - A r«0 + A +ATW =0 

2 A = Vs -» A 

Prepted = P® C VCO) X£o) J 

Y£0) a =r (14 Ho)) 

xt0) = i&( 1 - rco) 


»n 


Vs 


r to) = 


— Z 4 M “"■ ? « 


2lv) *t 


C Continued ) 
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2~42.ccon-t’d) =* vco) ~ jot §| 


Hr» -1- Z* 


= ^ ( / -+ Rfo+jXi* & \ 

R‘nn +JXvn + 

~ / Rtn~t* j* Xi» 4- z?c> + Rt» "*“) X( m 


wo) - ysffc^jXiQ 


R in "t ?Xrn ■+ 2 


Rl* tj Xi'b 


- Ys/ . £;>i ^ \ - Vs ( J** * *°~ * 

2 *° ^ * *o / V ** * * 


&¥l + £o *" *i» + ^ 


Ko) ^_Yi_ 

^ i*i *^<?o 


»in *J Xtn 


Re [ V(c) 1%)] ~ &[ > Rjn +j VsX In x Vs 1 

Rin + ^o^j XIvi Riii^ 2r©~J XiS J 

Paccepted = Re ) = 

(Rmi+ £.)N- tf«*. / + *;£ 

r - V/ 

^ ^ 4 g 0 _. CR;vi + £ 0 )^-h X,~vi 

RealyeJ <Tai> V^ R. ; „ 4-& R:« 

(R,n+? e )*+*£, 

243. (a ) Ru ^ Rhf ^ 2-?ob ) = r# 


__. 'A/go 

^(7y aoo J 


^7T X/0 ? CATTXI0‘ 7 ) ^ 

— * “ 0.44I5X /o = 0.004415 

* cs-txio*) fQ . 


cot-ims ) 


Cb) Rr (4-1?) s 80ir z (^Bov i (i) x ^o.^?d2 

^ R;„ = Ry = o.i|?3i 0 h >«5 c beco.w.yeof assumed Constant curve*!) 


co e C d (2^0 ; = 

0c4 = ?8 • 0^7 % 


R r _ 0 .il?32 

o.Ji ?3^ + 0 . 00441 s 


= o.?8oa7 


cd) ?u= (Ru+Rty.)+jXin= (0-*l?«3a+ 0.00 + 415) +J*iw 
= 02231 +j*i» 

X! , ~ -B0 = -W. 

***(ki) **«(*&) 


=• -12 0- r 1 ^° 4 ° L] = -232.98 Of 

L 0.(051 J 


C Continued) 
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2-43. (Cont’d) 


[r[ - *•-*> - (0-2237- 1^.8806) -50 = 0 ^ 
2k + Zc (0..L237-j^3^.8806)-»'50 

VSWR = - [ -* 0 ^6 =5,071.88 2: 5,m 2:°° 

1 Ir| I - 0.???6 

2^44. Radw.tton Efficiency of a di'pole 

I 2 (z) = I ft Cos[ J?'] ^ z^Va. 

H ^ cr=a) l 5 ^cosCt*3 

1 at the surface 27ra 


M ds =adj*dz => differentia/ patch of area . 

Lr 

dw ^ power loss Into this patch . 

dw= *ltVI 4 Rs adprd^ 

(time avs) (^-Rs = SKim Resistance ) 


dw "(#a) a T Co ^[x^]a^dz 
W Cto-taf loss) = f^f iIr CoS^Et- zl a dpcJlz 

- R s^wr«dz = ^.i 


- X 0 a 


— ^ Z~no, 


= i:io 4 f?L 


i t Rs 
Rl = a. iira 


2-45 


E i? 


o < e < 4s e 

45°<Q ^ 7o* 

fa e < e ^ ieo' 


(a) U = = J^LSi 


Umax =2 — 

*1 


IAott 


C continued) 
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215 (ant'd) 


Prtxct - d# [ £ siKiede i- J ,ao d- swede ] 
- - 0 X 6 ^+ ±(- CW) r’j 


- 2. r 4 ir 


LJT £-CbS4S 0 +CoSo‘ ~ ^ CoS' |8o'+J- CoS' fo’J 


Praol = 


r 1 


D = WUmr = 47T Tg- 

Pi-ad 


= v?.684 


0 - 5428 ? f-zirjrv^ 
fW whe* *he field is e^wai to (C V />H » for 9*0* 

p _ r 10 V/wi 0<S^45° 

^ fc ~ ( 0 4 B o < 6 $? 0 ° 

L ixio v /m fo'ce^ieo 0 









^ ?[ J ^ [El^smcle +| ,8 ° 


Praol= r* (0.5428?) (y) |to| x = 36,l?3 
FU = | X| 4 Rv = IWp R> 

^ P». = ^ |( ?3 ~ ^ 6 , 1 ? 3 | 447 -74 

( Ims | i 


25 


fl.gaS - 


2*A6 -f=l56MH* , A = 2m 




=4 Itm dipole is £ in electric J[ 1^71 gp^. 

^ R r = 73 -n- ,Ziv ® 73 + j 42.5 / 1 J ^ 


73 jj.[in 


Ia*it — — 


50+73+0.^ +j42S ~ 6 7 ^ t-18-Jf A 


Vt*loo V 


4 - 2-8 u 

— _ T 


t. Pdissip - Pujss = illant|'l?uss * ‘ 6 ? wW 


C. PrixcJ .2 * Rh — - 2 I- 36 W 

d. e c j = _Jk _ _ ^ <io o- <jKj» y 

ft -t Russ ?3 + o.{2S~ /o 


23 





2-47. Using equation U-JU.) , the effective Gperture of an anienna 
Can be Written as 

Ae =• 1 VtI \ R L _ , where Wi = 1EI ^? 

2 Wi IH*| 

Defining the effective lertfr *e as \ T = E A* reduces Ae k 

Ae = ■ ? R lil * JU = /aSmT 

IZtl 3 - V 7 R t 

for maxirwm>i power tmns^er and jtassless antenna. CRl=o) 

Xa = -Xt , Kr = Rt ^ 12*1 = =2R T 


Thus 


n _ M-Aem ' Rt _ ^ Aew Rt _ • /Aervi R r 


7 Rt 


2-48. Aem=2.|47 = C^)- e cd * Ci- IN 4 ) • I ( w ■ (T a | * |} 


r= 


_ 75-5-0 


75 + 56 


-D.a : x- 3X10 


8 


10 OX I 0 6 


= 


D.= ;2 " iL7 


£ [C !-««)*] 


~ 3 . 125 


2-49. Wi = |0“ 3 W/m 4 

Aem — £~Do , D. = *odB «t loig.,. X X=ioo 

7 V= y- *» _ 3X> ° 8 = 0.03 iti = 3 Xlo~* m 
J loxio? 

Aem = (3xio tl - *! | 00 = ? y|t> * = 6.7/6*\S x = 7/6xio~ 3 

- 4 -TT 4 -TT 

Prec = I0 3 . ( -?* /0 * ~ ) = 9x /o - 7i/jf X [o* ^otts 

Prec = 7/4 XicT 6 Watts. 



2-50 Ae* = g e, d„ = 

1-46 

a. Gr 0 = 14-8 4 Qc C power ratio ) = (0 -30.2 

-f = 8. 2GH2 ^ ^ ~ 3 6585 Cm 

Aem = .( 3AS85) '~ a ) = 3 y [g /7 on. A 

4TT 

The physical aperture is e<jual to Ap— 5-5C7-4) ~40.'7cwt A 

b. = 16 5dB 3 Go Cpoioer ratio) ^ |o ( ' 6& =- 44-668 


f = 10.3 4 c™ 

Aevr, - (44-668) = 30.l42(^ 

C. Qo = / 8.0 d6 =» G-o ( power ratio; ^ to 18 ~ 83.0?6 
f = 12.4 <3H? => A = J2-4!9 

Aem = ( 2 -4i9) X 7 /=t np 6 ) =*J2?.3 £?c™* 

An 


2-51 Gain = 30d8 , f~ iG-H« , ?^4 = 5W 

Receioimj antenna. VSWR = 2. , efficiency - 95% 

Er = (^dx + jtfj) F R ( 6 ,P), Use Friis transmission formula. (2-118) 

Pr = p* ecdtecdr(i-im i Ki-in-i i )(4~) i Dt(6 t /t) da^)- plf 
p r = io' l4 lv , e c «*f* 1 C we assume that ), e c <0r = 0 .?5 , I - IR \* = 1 
Since VSWR =2 4 irrl=|^^=|^-=i ; (l-ir r |^)^/ 9 
§7T^ = C l ^ 171 > ^=4000 xitt** , 

1 .*x\i / 6.1b 

nehce 


/ > 
C 4ir R 


r= ( 


4IT 4000x10 3 

D^r=30dB-10 3 , PLF^ 


) = 8.9x10 


=> ,p t = & -j<fy) =* ifr &l ~ °- 

C r * j^(2^rjdj) 

^ 10* = 5 01 ) (0.95)01) (-^(8-9^ l8 j do 3 ; Dr Co- 1 ) 


Dr = ^661 

Hence. Aem = ^ 2 <56( 3 °'*°476 *1* 
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2-52. lice,?) = fcos 4 (e) , o%e^9 o 


?o°$6<l8o 


, i « 


pC ^360 


Aem " Do 

D 0 = 4tt Umax 
Prtui 


.Vi 


Prcui = j~ j~ UCb,fS)s\Y)B dtodfS - 2 ir j" CbS^sioeJe - -2( T [' 
Prad = 2 rr (- o + 4j‘ ) = , 


Q>S S fi 1^ 


n - 4-irgynay _ ^ C I ) 


Prad 


J V5 

_£ 

41T 


10 


A '”~ £ D ' = £■«> ' Iff ■ A = i£^=J*U»-'=0.0 3m 

Aw»> = ioco.oj) A - = io.(3^io~ A r = I0-(9XIO~ 4 ;_ ^ /£f?7y/ ,;4 
4TT 4?T 4TT '' 

Aem = 7./5/?7 xio 4 

2-53 l status mile = 1609-3 meter, 22,3(30 (status rniles) = 3.5S87-i/<IO« 

a ‘ P< = “^T "JtTTZJsW) “ 4. ^43 X 10 ‘ b Ms/m 4 . 


b Aem s 0 o (* D© - 60 dS, - 10 6 ) 

• -4-n ° ' 

0.15 w\ ) 

Acvn " C -^ X 'Q 6 ^ I7?0.4?5 m* 

Preened = AevPi “ (iW . V?3 ) • (4<U3 X 10 “) 

= 8 . 85 x 10 13 watts. 


2-5^4 Aem = a 7/62 w* ^ 

Ae»i — Ofe)*e*C»-uT.) Ifw pl|-Do 

Do= Aev, >r= 2**2- 0 * A= 

($r)*a-in*) 7£+5o ■ 1 ioovio« 

r\ = 0. 7/6 2 

Do = 1-0417 
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2-55. Pr = W; Ae* = W; fej Cl - IH*) (£) D. | f. gl 1 

Wi = 5 W/mS e f£< =1 Ciosslew) , = 73- go _ 

2i«i+2o 731-50 ~ 0 -' 5 

A= i§7t$ =^0m, Do = 2.i56dB= 1-643 , Pl_F = l 
Pr= 65>C1K I ~ fl<54$)CI) = 567.7S VJatlrs ~P r 

pr = 567.78 mts. 



. ^>r -Get - 16 -3 ^ Gb (pooler ratio) =4-2. 66 


f ^ 10 QH* =£ A -0.03 meters. 


Pt = 200 mutotte = 0.2 kJatt-s 


a. R = 5 m : Pr = [ (42-66 )*(o.i) = 

h. R = SDm • R-^ 0 . 8-27 / uW«it"S 
c - R = 500 m : Pr = S’. -2? H Watts 

The VSWR Was net needed because, the qain coas Giuen 
0R7 ^ 0 

~P^ ~ ICt' fr| (.41T^) Gor 

Gtrt = 20 dB =? Got ( P^er ratio) = |o*-= (00 

Qor =l5dB4Gor (power ratio) = |0 ,5 = 31. 6^ 

f = 1 (tH 2 A= 0.3 meters 

R= I x lo 3 meters 

a. FOh ipt?r| 4 =l 

p r = f W0 )«, .6^3X150X10^ Watt5 


b hlhen transmitting antennas is circular^ polarised and rpceloinj 
antenna is Alnear^ poitan£e 4 , the PLF is e^ued. to 

Thus Pr = i c 270 344 y\0 6 ) = 135.172/ |6* = 135. |‘7-2/«Watts 
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2-58. Lossless •' £cd r 1 , polarisation matcW ■ |(V (U*' 1 , 

Ame niatclied. : ( i - ir|-*-) = ± 

Do = 20 dS - 10 * = 100 = Dor = Dot 

Pr = Pt Dot Dor ” 10 ( JiTsoA.) Doo)Cloo) - 0.-253 Waits 

F r - 0. 253 Watts 

2-59. Lossless'- ScJ-1. PLF = 1. «i»e MatckeJ: (l-irW-1. 


Do = SodB = looo = Dot- - Dot 

l2 “ 5 

2-60 Q or = 20dB=:l00oQot =^5dB =316.23. A= |^y = 0-1 m . 

Pr = Pt l(?t Pr| • • G-or '&ot = 1°°' ^1) Cq-TT^SOO ) ftoo) C3I6-23) 

= 8xlcf 4 watts = Pr 

2-61. f = I0C-,H*, -> A = ^ J S _ =0.03 m 

Got = Gor ~ ! 5 dB - lo 1 ' 5 = 3162 . 

F = |0 -km = 10 4 w 
Pr ^ 10 nW = lo" e W 

ift-p-r® -3dB= k 

Friis Transmission Equation ; 


TT -<Tet S-»r{ 4IR ) ift frl 


= 0^T(^rT(i)-^»w 


(0 


HI 


Pt = , 


-2.85XI0 11 
r8 


Pr » 10” 8 W -* =351 w 



-j~= ~p e*e r Ut D 0 r (^) 

~ (~P) ( £rt'Gc4t)(£Vr'€‘cdr) ^^tr) ' Do-t’ CW 

-j^- = Cl) (^rt ’ tl)XSrr (4-)) (4^)* Do-t ' Dor 
A= r = iXl ^ = 3m , R = IOX(0 3 = |0+. 

f 1 08 

( ^)"= (4^4) =(|fXl0 4 J A =(o.2387Xlc 4 ) = 5.C?U\o'\l6 

/Ax 2 - ^ "( 0 

(4Fr) = 5.6??xio 


e rt ,err = ri-in^(,-|^|>(.-|gir) 

= ( I- (0- 18997)^ = ( 1 -0.0357; -0-9643 
^cclt — ^co(r ~ -I 
Ck-t - Dor = 1-643 

® CoW)Y(-643) a (5.6??xio'°; = ^W' 7 X^6??)C5.6??xio' 0 j 
= «2-$l (S-^^xio' 0 ,) - l4.3o5"Xio (0 

Pt = i4^™p.. ‘6-Vx(S**K>"(lx&) *<-11* 


Pt = £<?? Watts 

2-o3. p r a _ 3X10 8 _ 3x(0 e - JL 

■p^ "Lwr] Q-o+'^r , A 9<(0 » <pc*lo 6 30 
f? = 10,006 Weter = i^^/^3x| 0 5 A_ 

"fe = ^4 tT(JXI0 5 A)1 ' Go = 10 lo°^ = l ° 

Go* = I <T 6 (41T X3 XIO 5 j 

Go = |o' 3 C4iT>3xio 5 ) = i2rr^io i -!ioorr 

Gr 0 = 1.200 TT =3,761?/ = 10 H^ [0 (S,76<f.V) dB 


Go = 3,7£l fl - 3 5-K d6> 
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264. Tra*=.25irA‘ 1 ' 

Got - Gor = (6-3 dB ^ Gbt ( P°W€>r rah'o) - lO 1 ' 63 ^ 42- 66 

f — (OGN? 4 A'0.03 w 

-P r _ - £ Got * Gor ( A \ ■»■ 

P-fc 4TT ^ 4T R,-I?J 


G. R| = Rx = -200 A. = 6 WteterS; 

A 


p r = a5-TT A 1 (4* 66) ^ r 
4 IT L 


471 0*OoX) 

b. Ri ~ R a = 500 7\.~ 15 'meters > 

P r = 0 . .23 tt tOortfs 


7j* (o.x) = J.00 w Wafts 


265. 


Pr = Pt f- ~ '-<*21. f— ^ ."1* ^ 3AI0 8 

4ir L 4V*-Rj . A 57 ^ ® 0. 06 vr, 

Pr = 10 5 C3)-_I50^. r 0.06 

- 4?r L 4iro(o 6 ; J 
pr = UaxicT 8 Watts 

266. 

Pt ~ « IwEsJ^^ 


4ir 


= 3x I o 8 _ 


Pt Gror'Got 


' 4ffR.-R*1* 
- A. I 


3X10® 


= I to 


2-67 


<P = O.I4*5-XIo~ 3 M7T) r4irC50o)(5Poj ] x = 3|42 ^ = f 
1000 C 75X75 ) 1 - 1 


<f- Pr4TT 

Pt Gor' Qot 


4TT R, 

A 


T 


A= 3XI0 S _ , 

I x io® ^ 1,1 


2 = 


i floo C75j<:?s; 


gS& 


/= 94,1/4.5 ^ 



2-68. 


Pr | a A | ^ 

~p^ = I ?* ' Pr I (4?Rj C T ot (Tor 

(Tot = -20 dB -> Qot ~ 10^ ~ 100 
G’or ~ I 5dB -> (ror = lO 1 31-6-23 
= I <rH? -> A =0-3 meterj 
R = |o 3 meters 


<1) F6t PLF^l. 

Pr= (^^O00)C3/.633XI50) = 274-344^*3 
^ PLF = | ( (be t j &!, ) . £ | ^ -* Pr = w&tts - issjrfylt/^ 

or OMy other {.i nearly polarised urit Uecfror 

2-69. ^=o.8sx. i 


h. ~ -<3-or / A- \* to . o I A 

Pi 4 tF I^R-rJ 1 M 

/ = 0.85 A x , £rot = ^ror - !5c^B Cro-t “ ^or 
Ri = Ra. = l fl o meter =£ Ri = R* = Loco X 


f = 3Gt4? 4 A = = 0 . 1 meters 

3XI0 9 

lfw fr| i=ld B «7?43 


31-6-2.18 (<iime»is(oy)leJiJ 


Pr 

Ft 


C .85 A\ (31.6226)* - / 7^ \*. ( C _ 79 ^\ 

AT v 41TX|o 6 A a -/ 

0.65 (3U*a> x W79#3j = 0 . 34uw * (6 -»* 

( 4 W ) 3 ClO U ) 


Pr = 0.3402 xio l ‘ 1 ‘((o a )= 0 . 3402 Xlo ' 0 ='34 0 ^X(o' | - J - 


Pr = 34.02. p Watt'S 
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2-70. 


To^TAe^+ToO-e" 1 ) 

Ta = 5 °K 

To = 72 °F - f (72-32) + 273 - 2?S. 2 °K 
— 4dB = -20 ~oC Uo)Ko^ l(> e - -«Czo) (0-434) 

oL = = o. 460 Nepers//ooft = 0-°046 M/f± . 

G !. = 2 -feet ; 

Ta = <s 0 0046)2 + 295.2[\-e i(0 0 °4t> z ] = 4?/ + 5.$8 = (o. -*?•/< 
b. £= loo feet, 

Ta = 5e‘ lf0 ' 6046>,0 °+^.2[i-e' iC0 004<J ' 0o J = i79.?2°k 

^ ' 1 Ta = Ta e Jo + f <?«; V*) e <** 

Jo 


If aLCt) = c/.o = Constant 

Ta = A e"“- J + [*(», r»«) 

Ta = Ta e'“ J i 

If Twte) = T* = G>n 5 *avrt and = 6. = Constant 


k- •* — H 


Ta 


PTgj 


J 


Ta =T/\e *"+ 6 T.e 


-ao^d/^d >«<>« 


'I. 




k -<u 


hS 



Ta 


Ta - Ta t Ttt c e W_ i ) 


for 

Ta= Ta e 40&d 4- T. e^°ke^*-i) 
= T A e^ + To Cl -e ifl<od ) 


Cl) 


or 


3 “ 1 . If He = Jw€ VX Tfe 

Maxwell’-s cur/ equation 7* §e = He Can be written cus 
V X H e ^ '3) ^ u jje ~ “Jco^uCju)^ VX TJi* ) — U)yU€ \7/C TTe 
VX(g G -^TT e ) = yx(E e -* x IT e )=o cohere 

leHri »Q 

J Ee-*\rr e ^-V<?>e =» ie = -V^t^/Te 
Takiry tKe curj? oj Cl) avid usjvg the vector (devifity °,f 
E^uat-tovi (3-8J tec \dsto 

VX He 7XVxTT e =ja>€ rVC7-7re)-V^ire] 

Usb* Maxwell's equation 

7* He — T +jcj€ Ee 
Educes to 

I + C 7CV- 7T e ) - V^7T e 3 

Sukstitutivy C 2 .) t'vito 640 reduces ix> 

V A Ie + ^7T e *J ^ + Cv C7!fe) + 7<&» 3 

Xetti-v^ <4 = -7-Tfe simplifies Cs.) *o 

V^e + ^ZTe^J^- 

avid (a) £o 

E* = VCV-JTe > ^ 7 Te 

CompaviYij C6) coith C3-IA) i^ads to the refatioli 


He “'j uj/M 6 

3 - 2 . If Im VXTU 

Maxwell's Curl equation V* H*, = Jwe Caw he tori few as 

7XH* = JwcC-jWA 1 Vx 7T*,) =. 0)yu6 VxTfw, 
or 

VXCH w ~tu^6-7r w< )= VXCH m ---<« a 7r 1H )~o where fcS 
Let-fci'wq 

J H* Ifw, = -V<2U 4 H*. « - V; &,+ 

(Continued J 


U) 


(3; 


C4) 

(S) 

CO 

(7) 

CS) 

Cl) 


CO 
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3-2 ccbht'd) 

Ta'feinj the cu rl of Cl) and Usinj the vector identity 
of Equation (3~ 8) deads to 

~ tTim ~ ~j oyA f V CV'JTyh ) V* Two 3 

Usjnj Max-coeil Cs equation 

Em “ ~J ^ Hrn induces Csj) to 
-M -jtfMHrv, - T 7 ( 7- JT W ) - Y * IT*, J 

vSubsti'tu+iYij (4) into C4) reduces to 

V a !Tm + Jy+ rw. 7 r„)-ev 9 u:i 


ca; 


w 


C 5 ) 


fe-t-fcnvj - - V- 7T*, SmpUjies CS) iro 


V'jr, + ^-j^- 


(6) 
( 7 ; 


and £X) to 

H w - VCV-ITw) + **JTm 
CcwpariYij (6) toith C3--25) deads to the reiatiovi 

IT'*' ~ ”3 Oyus E 

no 1 A * * ~ 0 ^ r 

3 " 3 . A = dz A?/ ~ a zCi r 

Substitute the above into C 3 - 34 ) deads to thefoi/ou>iv>j "terms ; 
ol^si df d_r c &_ k \ 1 - c 4- r~ Ife — ' r - — 1 

d 7 T ' JFLdtCC, *• ) J ~ ‘-i Hr L J*- r r* J 

o 3 fer 


r „ £i fcr *3* e3* r -i 

= c - [ + i k 7I~ 7T + 2 TT J 


£ C. C-j**! 


cifcr 


e 3 k *' 




r dr 

I e'A*, = k"C, ^L r 

The SUM of the above tbme ientis is e<jua£ to -zero , and it 
satisfies C3-34) 


The same conclusion is derived u.'Si - n < ? 

A 4 ! i*k* v 

A = £ 

as a Solution 


A = &z A** = G. J 3 fcr 
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3 - 4 . The Solution of = ca n be inferred f row the 
Solution of pbisson’s equation 
V A pr = - f_ 

for the po-f-enttail $. represents the charge deyvSttj/ 

We bejih ^*th ^rreey) 2 s theorem 


fc r»* 0- (lf> Vf* “9 s V^O • Mota. (a) 


where. zp and 0 are well behaved functions C nonsi uvular, Conti nuous', 
and twice cUff-erentiahle). For *p We Select Q SoiutloY) of "the form 



where 


R Cx-x')-*+cy-yo i +c?-?0 x 


C3) 

C3(X) 


By Considering the charge at the origin of the coordinate system^ 
i't can be shown hhair C provided r^o) 

_ I d / \ . I 3 / . , J_ J — _ rcy_U-n 

= YX arC ri 5r ) + y-a^ he de('S ,y ' 6 ae J + r*-Sm‘fi ep* v( r ;-o 


Thus (•*-) reduo&s 

j^V^dv'rs -t( v dV" 


CA) 


To erc/ude the r=0 Singularity of "Zp ; the observation point 
is surrounded by a sphere of raoUus r'and surface X'. 
Therefore the volume V is bounded by the surfaces X and X^ 
and a) is broken into "two integrats ; one over x and the other 
ofX( Using CA) reduces Ca) to 

"""eX ‘r c ^ v// cipV^ - ^Vf)' rida. + <£ Cif’Vf-tyyf)-*) da.(S) 


and 


<£ Cip V$-9SV^)->lda = ^> Cri^~^^ v ^ r=r ,f • n da 
= _i-i |?^_-L£ 


tz: 


C5a) 


(Continued ) 
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3~4 CCont’d) Since t' is arbitrary , it Car be chosen small enouyh 

So that (j t> and s|2L are essentially Cbnstantr at every point- OM 21 '. 

If we rna-tee r' progress.'* uey smaller, pi and its normal? derivative 
approach their limitivw values at the Center C by hypothesis, both ex-ist 

anc) are Continuous Junctions of position). Therefore m the Jtiwit 
ClS both can be taken outside -the iVdejraJ and we can 


write that 


Since 


§ Cy>V(f>-p vyj-ficla. = -4TT0C^,^) 


CO 


Xim M l^da^Aivn -Lgfc) <6 da=A<vnl_/dg) (4irr'*;= 0 

lr'->o r dr r^o r v "3ir«'r*r if j^ | r'-*o r ^dr/r=.r' 

Substituting C6) into C5") reduces it to 

(pC*>U.*)>= 4^7 | v -£-dv' + [fvps-^v^)]. nda C7) 

The first terrn ovi the riohi" side of C7) aarounts fortte Contribution^ 
frow -the chafes COithin X cohile the seobnd term for -those oahSideX. 

Expansion of JSl to iv\dude nil chafes wakes the seamol -term to vanish 
and +o reduce CV) to 

l r gfaty gp..,, 

0^,*)= Srejrf r dv ^ 

By Comparing =■ -yx Jg. with Cl) we oan write that 

aeo>*.*)= <kr (v 

Jo r more details see O.T. phris and F. K. Hard, BaS/c Electron^ netic 
Theory , Mctrraw - Hill , (?67, pp. P8-I3I. 

For the details of -the solution of C3-3D see 

RE. Cbllin, Field Theory of Quided Waves i Mc. < ?rau)”HilL 
|?So , pp. 35-37. It can be shown tbat 

A? = f v ^ dv 

Because of the length of the derivation, Xt will not be repeated here . 
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3-5. 


3-6. 


A ^ [a r AUe.p> + deAete.p; + ^ r 


i = -j^A -j iofe VC? A) 


y- VA = iklrCrMr)- 7^^(A6S(n6) + -j4^ 

] + ^r t ]+ .... 

VC7-A) = ^ = if + a,^ t i fT fe-4 

= ^{ F[-W>fG jl ' r AKS^J + Fr[-- •• } + p*if H + .. J 

a /■ I . I r- — . ~ J 


+ de { ik 0 ) + ?i f- • • • J + [ 

+ a? { 7 Co) + rk[- ■ ■ • 1 + rs[ • 

Therefor 

E - -jwa -j yh V( ?*A) 


] t 
] + 


•f 

•I 


j & fc>« + 75 ( • ••)+ r» (••••)+■••• 3 

■ a e [fco) -*■ ri(' ' • ) + 77 f‘ • -H 3 




+ Of [ r0>) 7 7 k C- • • > + -& C ■ - 0 + • • ■ j ) 

6r § i 7f-jo& kr C £(0)7 06 Aft + i A* J } + fi[- • - ] + ^ f. . .J.. J 

In a $\ miliar maviher, it can he shown that 

ti ~yU 7K A = r "{ j 7p & E Co) 7 de Apr — fl/zAe J J 7 7*1 "J 7 r!s 1* • •}+•• 

lei ys assume that within a dinear and isotropic medium, but net 
yiecessaritj homogeneous, there exist two sets of Sources Ji, Mi 
and Ii, Mi. which are allowed to rotate 'S'cmultaneoidj or iwt'.vi dually 
('nside the same medium at the same frequency and produce E | , H t and 
&A, tU y reSpectiuel) ■ For the fields to be i/alid, they must Satisfy 
Maxwell's equations 


(^Continued ) 
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3 '“6. CComtVO 

VXEx 

Cl) 


VXHt= jMt +J X 

u ) 


VX E 2 =. -i H a -M 2 

(3) 


VXH 2 - + 

C4) 

cohere 


C5) 


g= J+joKe'-je") 

C6) 

-If toe dot 

multiply (-1) by Hi and (4) ^ 

toe can write 

hji* VXE± = -2H a *H 4 -tl».*^A 

(V) 


(8) 


Subtracting C7) from (8) reduces to 

Ea-VXfcU- Hj-VXE^ s z Hi t)i + J A + Hi* tli CO 

which by us nog vector Identity 

V-(AXB)= Q-(VXA)-A‘C7XB) Cio) 

Cam be written as 

V- C Hi x § x ) = ~ V- C §1 X ti a ) = i ii’Ii +■ k H* H 4 + §i Ji + H i - tli til) 


In a similar wanner, if we dot multiply Ca} bjj. E A and C3) b^, > 

toe cay) cor! fie 


E* • 7X tji ~ % EL*'E± + E* f 3i f(i) 

Hi* vx = -i H t - H 4 ci 3^ 


Sub Si meting. Cl 3) from Cl-0 beads' to 

E^.- YXHx-Hj-VxEj - ^E 4 *ii + « i»3j. + Bi*Mi ° A ^ 

which by usin^. Cio) Can be toritten as 

V- Ctfi * §0= - V- (g* x H 4 ) = y Ei-Bj + 2 H t - e A + E 4 . JJ i- C&) 

^abstracting Cl&) Jro*n CIO leads to 
-V'C&tXtU-giXfcl,):: gi-Jjt E*‘ Ji-HfMx CI6J 

lohich iS fenoiOn as the Lore ntj Recipnacitj Theorem iW cUffere-nticd? ‘form. 
Taking the. volume intejrai of both sides of CI6) and US tncj. *he. divergence 
fheorewi on the left side, toe can co rite c 16) as 


■§C§ 1 xH 4 -EiXa £ ).flJs^JJJCEi*Xi+ (I ‘O 

OoKicIo is tevwon as the Lore n't ^ Reciprocity Tbeonew fa TyitejrcJ ^orvh 
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4 " 1 . a. 


*2 





s'mf = V l-cos 4 -^ = I - l&r Otrl^ 

= -»/ 1 -Cslne-cospf)*- 
In for - 30ne.fi el oU 
Ep - j 1 fc 1 ^. . — Sinf =j ? *^ | l -isinfl <Mg) 

f- 

b. U = Uo Cl-stoVcsV) 

-•• Prod = Uo f *T T ( I - si«*8-G»s)0 • smede 4^5 = Uo ^ 

Jh Jo 


u= 


_ 4 TT-U, 


Hr 


^ i = 1-5 




n 

I 


4.-2. 

a 





■ sir>p= SF^yT =J i - I&J a r | 1 
= y i - sin^.s'm)? 

In ^O.r-jo» e fields 

Ey. » . J 1 * f ‘ f * r - si " y ~ i t 1 l ‘ r ■ V I - Sil)M sm> 

Hfl-^zLz: s ' m > 


U = Uo Cl -Stn^sin^ ) 

Prod = Uo VsmY$in> )s)n6d6dp = Uo f/ f/ m6 “ S»iffl-$Wi>dd]<l0 
- Uo [ (* T 2d0 - f f '*stvi*0 d/0 ] = Uo[4-TT- 3 r ] = 3 

Jo Jt> 

p 6 = 47 TUc_ = -^g- 


4-ir-u, 


Uo^. 
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4 - 3 . 


a. jS= o! (*-? plane) 

^t 43 ^*** 4/ 

A ^ 

At^o* E^ has on*y && direction // 

El^ ^ Eg ^ ^ 

|Eq( 6) 1 ill 
-4-4 — 

b. 0= < ?o° U' z P Uv,e ) *\jO' 

Ey -it 1 \) 

* . A 

Ai^'fo 0 plane), Ejy Has ov>4y ftp diredtow 

Ey Ep f>«lari*a'Ko^ 

lEjs(Q)| ( 


C. 6= ?c° (*~a p 1 ^) 


^ = i 1 *JT *"* 

At G c ^o°. C*,^) , §y> ha s A0 difectiu-n . 

Ey ^ po/ayHadioV) 


lE^s (<3)[ 


40 


LrU. G. 0 = Q° ( plane) 

C .J ae-I 11 ' , 

F )*~J l 4irr 1 

A+ fi= 0 °, Ejt divectiow h<iSO>i{y Qjg Couponed 

£ ^ E^J po(arl — 


b. J25 = To 0 C3' e P Ue > 

= iy ^ Ji-sT^e 

-j7 ^olojlei^ _ 

} 1 — ^ — c °se 


/) * ^ 

A* p=?o* Ey, dived tovi Was oYliy CXq Cbwpovtevrt^^ ^ 

Ejp ^-» Eg po|av i g-o/'Vw'i 


c. 9 = 'fo 0 ( *- pW. 

E fi! 


mM 



r J ( 4ir »- 

At6=*fo* Ejt, direottov) has oviAy fo'Mpwf'd “V 

0.8 


Ey- ^ E^$ polaW £cJti 0 V) 


im 

&r£ 
teijsi 



4 - 5 . Co) Usinj (4 -16 o~) - C 4.-36 c) anc { the duality of Table ^ 3 . - 2 - .> -the fields 
of an infinitesimal wiayiet-ic dipole of ienjtb 1 and magnetic current- 
ly are given by 

Er = Efl = Hp = o 

E = -j kinl s]n6 Ci + fhj & kr 

r J 47rr j *r 

Hr = ejfer 

-2 tt ^ r 1 - J 

H e = • *M.5i-nd [ i + Jjfc: ~ tfFT-J e" >* r 

4 ir>[r J 

Cb) Since the pattern af the magnetic dipole is the same as that 
of the electric, the directivities are also identical and ecjud to 


4 - 6 . 


Do — ^ (dimension less) ~ 1-761 dB 

(a') When the element is pl aced alon<j the x-axis 
Sin if> -Ji - Cos x y - iji — I <£* • Qv- 1 A 

=J I - | dx ■ ( a* sine cos# + ^ sVn seiner + a* c ose ) I *■ 


and the fields can be written as 
-i*r 


E = -j. * X * L€ J[ — s\rt Cosy =-j • 

r' * 4TT r v 


• . itimff e J 


-i*r 


4Kr 


Sinf 


"r^ 


cb) in a similar manner, when the element is placed aionq 
the ^]-axis - 1 

s'imf = J i — cos 1 ^ =^i — la,j - arl* -ji - sW's-si-ny 
and the fields can be written as 

E^= -j — j* 
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0=45 ,>f 


Convert if to spherical coordinates 


sivlf = | - Cos x f = J i - ( ■ dr Y~ 


4r <Xx + <A) > ^ WaX'Si'nGCe^ + ^S'meSi'M^ H- Ctg CoS9) 


- sine o>spf s^S'^0 , -L s > m ^ (cos^tsl'npj 
VZ + ^ ^ 


Thus 


F = v >7 ^^0 1 „-)(*'" , 

? J L 4irr V 1 " £rsm"*6( cosp+sm? )*] 
~ J ' ^Avr e ~ jit J I -Z Csivrt ( CoSp -hSi*»/8)*J 


H - -fe Ihi A -:4r » 

Y = J4^Y 7 ~ ej s ‘ 


■>y 




<f>-A?' A '''• 


= i e i* r 

Covert y to spbericJl Coo rdi note j 


s'm'Y =* ~ sin© (■si'np' + Cosp) 


Thus 

Hy 


~ j 


*i»* ei^ | j — — — 

4 ir^r j / 1 - ■^r Sl « A 6 CCosp-rs'mjg)*] 


Ex - "J ^ J * r - a [siiTe (cos? +sir>?)*J 



4-9. 


£ - J Le Vxjj <obere Hr-H tt = 0 . - j fex a ^»i6 jr [ + i j g jkr 

-Since H is not a function of p 

- = VXM = T^| a r ^ ^-(H ;f 5mej-a 6 Tl : ('-H i er) + ^(b)j- 
Uh!d> reduces us<nj the H*r from above to 

E r = ? M25S [ i + jfc] S* 

E# = 0 

4-10. Wave = k Re [ Ex H* 1 = 2 Re [ 0& E 6 x d* Ht J 

W ave = AVr*iRe[&E®x^^J = ^Be(IEsr)*^ ^ 

Wr= U|^]^ = Wo^ , cohere W/a = £|^ A 
Prad = j **[" W ave dr r*Si»8 d« dp = *7r W„ j "eiv^G d© = -2T Wo ( 

Prod = Wo = ^ (y) / Tr! 

4-11. A = a* A* = & ^ ei fe> - ^ 4 * = e^ r 

^ " r 4ir y* 

UsiVj ( 4 - 6 a) -( 4 -^c ) 

/lr = A Z ftS6= - 4r'fS)|i*W Ar'= ^ 0=«6 

/ ' 6 * ^ Sl ” 6 = Siw « Aia) A ; 

^ =0 4 a; =0 

Sufsfitutng. these into (3 57) and CSS 7«) reduces to 

* 4«*V = j as^*.. = j T iM£t s ,„ 6 

£« = -;»#W=c 


^ 4^7 ^ 

UsiiTj (4-6^.) -(4 -£c ) 




.vifi* r 4 ' = r^ioiei 


vs!w& = 1 ' w fe-Ioi. 0 ‘ 


- 'jVy fry - i 
Hr = 0 

Hd ~J Y~r W 


^0 = ~Jf - siy > 6 ^ r s'm 

C r “' 4TT^r J 4Trr 

lohicb ere identic^ to (4 -~-}6cO-(4~36 c) 



4-12. R= [y 4 + C-an'cosQ ~ r H •+ ( -jr . g^ose -t- *' 2 ) ] '* 

UsirKj *he binomial Expansion of 

(a+b)^ -+ *i a>H k t (yi)O)-0 QVI * ^ -t- (nX«-Ot«--i) Q , ft - ■+ • 

Of I / 2 I 3 ! 

it Cay> be shotovo by letti vij 


a= r x 

b= C--2r*'cose + *'*) 

n^= i 




4-13 


R = r~ z'cbse + ^(f'VoiV ) + yi (f-^cose s'm^) 

+ -sq>s 4 6)]+ • • • 

Therefor *he f'lfth t^rM of C4-4Q is 

jj fiCos^e -5axs 4 e)H 

F®r maximum phase error of n/g radians 
0.62. /DVA ^ r < ^DVA 
(a) For a maximum phase error of T /l6 radians 

(0.385) / d 3 /a 4 d7a 

0.8775 V dVA 4 r <■ 4 DVa 

(b) For a rooocimiiiYi phase error KaaUaftS 

r S OVa 

o. 43875 /dVa ^ r 4 D7 a 

CO Fora. M&xi-muiv) phase error of 18" racdavis 

18° "> radians 

7^25703883 fOTA ^ r ^ (pS)-* D7A 
O^^JdTa ^.5 DVA 

(cjI) For a. moximam phase error of 15° radians 


l$° -> raodans 


J\‘SCa.3te)Jtf/A 4 r <; CI-SO^-OVa 
0.7577 V^A ^ r * ^ d1 /A 
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4-14. t=$Ao=>z'| may = *s^ 

a. Far- Fi^y ( Fraunhofer) 

r _. i£_ A = a(5A) ^ aC^5A A ) = 50A 

A0 e = *(£W8)| = JL [ c ±*£^ ' 1 = 0.orSzraJs=5^50 

r ^ / |e=3o:r^.5A,^ L ** 4J 

r=5oA 

b. Fresnel 

r=0.62 =0.62^C5A) 3 A = °- 62 -A- fu5 = « ^I§A 

o~Jo 

r =6.73(8 A 

A ^ = cff^ ^ = |a,67 ‘ 2f ‘ 


4-15. 


A = &>§£* e **' 4^ d?, = aA? 4i^ e " j * r {" 

• I-.- /I . » . . _ _ / 


A* - 
A* 


/tic, g^ r r A e^ cl ~ r ° s6 - ) ^ / «M>j&Ci-ft>.se^O 

4-Trr J 0 -jfeo-co.se) 


^ f e> k °~ a,sr6) * ' 1 1 = /Jcjge j4 r gjg s'io.cd 

4irr L -j*0-c»se.) _l 0 4irr ^ 


&here Z — ^Cl-Cose) 


(a) Ar = A* 0,56 
As =• -A^Snfi 

* o 


, „ . r E e - -j^Ae 

=> For far- f i eld =$> J ^ . . 

| E * - I**? 

Er — o 

1H« Er -o - Hv 1 E S ^ j ^ g ' jtr eJ 2 ^ S,»8 
E,=o = H 8 , H„2:§» 

lb) w.« =W r< , d = iR e r§XH‘J = ^|E»r 


I 1 fOyM Jo A 'S^C~^ ) ^jy) Q 

■Dl 1 4.TT r 2 
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d*' 


Us in 


1 3 


i 


where K~-J(x-x')'+y-y'^+Ct -*')*l = ^* + 3*+ c*-*o‘ 

Waltitij. a diavtje. tff 'Variable oj irhe. fcryvi 

reduces -ibe patent; a£ -to 

A* =• '^jr-f — J ^~ P - J-p aiUre. £*= **+#»- 
V fN-'p* 

06 xJp/Fv**- 

- ; ^ - -j* 

00 VTyT>- 1 

We can write the poientiai as 

A» = -j H«(* f J = -j ^ H. w (*V^7- j 

(b) and E=J^VXH 

Slnce foi cylindrical Coordinates 

H-/vxA=/(-<S,^)*J l) j$.^ Hfu e j 

Usinj Equation (V-l?), We can write the H-fieid as 

H = 4ei Hp = -<V j ^ Hi ^(0 

Where is the Hacked function of the sea>nc( Wind <?f order 

one and argument 

The electric field can be obtained Using 

i=js?vxH=&j^r^4-ffij»)]=« I js*(3ai+£; 

= A j& [-j «• §■ H>c; -j If ] 

Since ^ by usinj. V~I8 

**” E * & [- fc H ?(*(> ] = -& 



4 - 17 . 


^ rad ~ 7 I** 

where £„* Cas ^^) ' CoS <“) 

Jo XiYlA 


sens 

(ohjch car) abo be oirrttew as 
r ru 

Ijx* = -2 ( rCoSY^(AS 6 ) 


Iix* =-2 f *rC'o$Y^&S&)+ Q>S^T)--2CbS(4(fts8)0>S^)] J ft 
Jo sine 

letting | OSS =>U ^ 

Usinede = oiu =i> c(e = - ^Tw© 


reduces Xm* 


L'xt = a f 1 fcosY^u) WC^-^agC^uj Q>sC^;j du 

■J° I - U 1 

- r ’ [Co S*(4r U) + CbS-^^J ~2Q)$ C~|f u) CeSC^i ) ] olu 
I' 1 C 1 + u) 


= 1 C 1 rii-cos^tu) f l+CaSCWj l( 
Z >-' Cl+U) 

Makixj another change of variable of ^ fc 
(H-oOfcJl = V du = 
loe Can *hai 


+ Q>eC**o-u)] 


limt = -■ ^* x 2 -e o>sc**)+ a>s-c-fc^; dv - ^^ Cl - u > l L 

= r ^+CoS(**)-&SOQ ^ + yf*- ^c*JtH CoSCV-M) ^ 

J 0 "V Jo a; 

_ r 1 cosr*i(t~v)] dv 

Jo a) 


UeJ ** J 4 Ji 


If i = <ri y , 


f> 


Co-SC-frl) - CoSCV) 


+ ±C* M -CoSM)i- Cos W) cose M) +S~iv>(V)S(il^) r j,:_r Ccs(kl)CoSi?) + 

"■Jo a» J° ,. 

(Continued ) 
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4-17 CCcnt'd) 


Il«* = [ 1 •* CoSCM)J | J-n - j> ^ Si»C^> SWCM) ^ 

dr>&. 


+ _ ascwJ , 

Oihicli deduces "to 

I?«* - { C + in CM) - C; rtO -t- is'mfM) [S ; fc*i) -2S X CM)] 

+ a &scu) [c + h c¥; +C; UkJL) - 20 cm ; 3 } 
U)here C=0.577Z 

Frad "* ^ ^ti Ijwtr (% S idevrttfoi "t*o ( 4 - 68 ) 

From C4-ss; p rad = » ixci* r as* c-gc^e; 

Jo S*IV? 0 

Letti'nq >u=. Co$6 i v , _ . 

J Au-sine* 

We can wri+e. ^ 

which can also be tor/lfen as 

= ~ i r j « * r 1 jui 

Jo I - U 2 0 I -t M J 

Making another change of variable of +be form 

V ~ 1 ~ M } for *he firrt. integral V = l+v« 1 -C, r *V seconJi i 

dV= - o lU J 'J ) Jv= dM J J 

We can u)rite Praol a-S 

R- = -j '^*{ s* 

Us two the balf-aygle identify < Si'vi 1 (x V) = ^ 

r»d«c« R* p M = Y !Mr ri-ewt»vjj dv 

By lettinj dy = irdv 

We can write Prod 




I - CoS^ 


c/tf 


^l"‘/ r i s/n7^ 



4-18. 


raj I**'*') = j ^ Cl ^ T*'), 

Ic (1- ^i'), o<z'<*/z 

a . . . a ik pi* r r */z .. * 


A<r)=a 2 ^f4 f 4 i 4 ( 2 /; e jfc^-f' ds / 

= ai 4 ^ f ^ (, - 2 f) &**'*» *' 

J-*/* 

= * £ , 

co56 j h /x * e J 

f i/l - „ ., 

L (1 T t e i * rt * 1, <l* / -£ ?***“•*'-{;* 

= £"* IT e > kl ' rm dl , + £' / **v;**' a *d^ 

= i £^X Co5[A?'CoS6)ole / = i^Jccs[U fcose]4j 

- I f Stn(^CaS6) CoS C t£(bs&)—l ) 
z l—Zi— + T7^ — ( 


^ ewe 


C¥ a>&6)* 


\ — x 

.: Am = a, ^ w.Kgw«> i 

1 cSV)*- J 

*-a. /i = -^!# r s ; , 6 f i-osC^oso) \ 

41 1 <iw J 


V ^ ~ ° 

In ihe far -jo vie Er ^ C 


~ J y4 ” r 1 - J 


E(2S 

Hf to 
He =-o 
H^f 2: e*/j 


( Continued) 
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^H8 


CCont'd. ) 

Cb) frow £4'~5"8<0 


... -in J " £/i 


Ee = J> I^SF siY,6 ‘ l0 j'*‘cos(;ii , j 

Set a-j'kCoso avcl b-JL , use fojUcu>'i' yi ^ J^iejrcJ. formula* 

f COS hi e Q *ol* - Cacosbz^bs^b^) 

\ v r\ 4 . i ^ 

E» =JvMi 


m-j .r j ] 

L x c?r-*^ j 

* tr . < 


-Vi 


=j? ^-6'tne 


\ ^ J — J T\ VJy»^ t/ £ / r '■' — * 

£ = jy J^ f^ r siyi6 .TT, aCosego^sQ) _ . T e -^ r &S^CoS6_ ) 

4.^ i (%)*-** &S% J ^ Jlrr Sm6 

U - ' 3»*e~ jfcr e; M0 .Z. 3&SC^6>se) . I^ei^ CoS(-£-CoS&) 

*~ J 41Tr 1 2Trr ^n& 

CO E e =j y ^ r si,fi [ r \ c os'($ #) e> ki/CoS ° <**' 

*e± a^jkcosd and k*i, use fo!lou>ty ‘^eyJ formula 
| c.s 8 bi e aI Jf = f ^ b . (f «•*?-*«<»■**.> 

J £>]k& Ct>S& pjks'CoSS /'LfocA T 7T * **_,,\ 

I Afecos© 4 


, fc<oJ fcr . 
- « >7 r£, ci 
4irr 


Ee =jy 4—siTie-Io 




. 3* CoS « 

ne)*r c ~ rkA- \ 5 (Vi(^Cose) •> 

: jV — — Swfl.l e (siw (Vcosft) + fccosd , jTr , - A - a 7 ” — ~ f 
<- 4irr [ fccose (*f)*-ifCoS*6 J 

H . . jtsi^M J 0 + * as6 f 

J 4 irr 1 


44 


■41 
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4 - 19 . 


V-Swft ~ * ^ I~r_ R; n - Zo D _ Rr 

1 -»n - '^7717 ' K: " 777S) > * 6 ~^° 

= v 4 , *<& = V 4 , k = "■/*, a ai = n 

Rr=60{C + MVi) -C; (Vi; + i S’m (£)[&(*) ~2&(-£ )] } 

Rr= 60 ^ 0.5772 + 0-45(58 - 0-470 + i 0-55 - .2 0-3678)] J = 6.838$ 
Rl» = — = 6-8388 _ 

5m ‘ 

| = J ±-6776-50 _ _ 0 5?04 ^ WWR= - |~ I ~ C 3 ^° - ~ 

13.6*7*6 •+ .*>Y\ -O.b704 


(b) jJ = A/i : -IW/i = Vi > a^=Jir 

Rr = SO { C + In (tt) - Ci 


3. 6 555 


Or) + ^<asC7r) [V + <2n(x;+C;(i?r; -iC(7ri]j 

0.05?- J- [< 

Rr = 73.13 =* R ; „ = J?V_ = __ 73 ' 3 

-t > <J.I . 


= Go {o.57?4 + 1 . 1 44-73 -0.0 5?-^- [0-5772 4 0-45158 - 0.0^7 -2 C& 0 !>ljjj 


77~Tnn~\ ~ 73.* 3 

s ' w ^; sin*(S; 

7373^50 _ 0 .,g 7 g 5 ^ VSWR= ± +0-l8'785 = ,. 46i6 
73.13+50 /- 0-18 78 5 


cc) JZ = : fci/ z - 311/4 ^ ^ , 3ir/ ^ > _ 3TT 

Rr = 60 { 0. 57/2 + Jv(j«) -CU^) + isi*l ( 3 i T ; [S;(3-r;-VS';^ T ;] | 

= 60 { 0-5 772 + <• 5504- 6o.i?83?) ~ ^ [ l-67<73- KUIOJ l 


Ry= 185. f68 4 185.965 

Sin- 4 (3H/4) 


~ 37/. 13 


p=^7A?3- L 5^ 
37/- ?3 -+ 50 


0-7630 


=> VSWR ~ 


l + 0-763 0 
I —6. ‘7 63o 


= 7- 4S86 


( VontimW ; 
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4-19. fGintfO 

(4) i = 7 l ; H/z = n , ki-iir, -2/?^ = 4Tr 


Rr - 60 { 0.5 '772 4 h(2rrj ^CiUir) + ± CoS (nr) [o- 5W+ fac*) 


■+ 0 ( 4 ^ --2 Cji (jv) ] ] 

= 60 {0.5772. + 18378 - Go.OU'7) + 2(i)[0.5<f'72 
-4 (-0.022 7 )] j' 


4 1 f44 73 - 0 . oo£ 


Rr 

r = 


= ^ R;» = 

00 ~ B o | — 

CO + 50 | -f. 50/05 


l??.Of? * co 

sivi^n) 

= 1 VSWR - A3 


4-20. R«- = a^io'V, f= (oMtfe, &- s^x^s/^ 


p -R hf ~±r& ~ - 1 tt-j jz*^(4** ,o v 

K L ~Khj f>^ - c{ ±T *cs.n*io”) 

R,= R hf = 1.334*1%) e«. = 

(a) JL= A/ 50 ; Rr = 8 oir*(^ 5 *)** oUs 

Rl = Rhf = 13145 (is) =6. 0^647 

Pj _ Rr 0.316X100 

Ccd ” 5T? 0 ~ 2 = ?-?• /. 

Kl + K,r 0.0i«4ft0-3l6 


cb) i. = x /4 ; From Pro'fc. 4 J? R r - 6-8388 
R L = Rhf = i^? 45 = 0-53II 


€ C J 


° 6 6388 ,u ° -° = ?6 . S eX 

^.fiasg +0.33U ' 


(Continue^ 
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4'20 CCor>i’c{) 

cc) l - Vi ; F r «™ = ' 731 ^ 

Rl= Rhf = j^ 45 ~ = q. 66-2 3-5 

e C d = 73 /3 * l0 c o — jy io y a 

73 ./ 3 ^o. 6 fia ^5 ' 


C-b. JU A ; From IU4-H. R r =l??.o?? 
R L ~ Rhf * 1-3245 

e c< < = 1 ^-oy? 


I- 3-245 


yioo = 77.34% 


4-21. He= 0 ¥£[ ^ 


Llsinj 


the same "formula, in FV&tle-v^ 4- l 6 ct>) 


H© -j 


_ - *»*e>* r _^ A t. 2 CosC^c 6 S e) s x„< e .e i ^ 


TL4-*r 


sine 


1 (»*- *»■ Ccs% " J ?" r E 

. Im e“i* r &s(-^ Cc sb) 


) 


1 ^TT 


r siyio 


E„ = - £He = -j ^ii P . &sClw ^ 


^£o£(t£o 50 J 
S iv) 0 


■2 trr 


sind 



h- 22 . (a) \j<z\up - i^iri ip. _ vswr-i _ ) ^ ~| i nr 

,_ (ri ^ 111 \aswr+ i Ij+il -|3 1 


1 

- I ?i "/2c -1 

. J 

-1 

2~l 

I ?5|1| -t 2?C 

1 Zl*i 4 | 


b 

t_iL 


Latest' 


^tn __ 


^ §r =* 


^ - ** = 
2 t 


Zc 


-Z => 2 ^c - IOC 


0 >) R;«= II. 1 4 <T 

4 . 1 * 


4.17 


%. < l < 


100=5 ||. 14 $ 

Ag l0 C8-W7) = 4 - , ? J?<, ( 3i6 C< S0 . 4.17 lo^ [t <3- 

o.aa 8 6 =^Gr t Gj. = |o°' ii86 = 1^8 =U = ?$.??<> 

^ = 5 0 - 6 U 8 ) i = -j-^ 16 ? 28 ) A - I 6 U 8 ^ - 0 . 5388 A 


• 2 , TT 


jt = fl -5388 A 

R, 


CO Ri» = — L< Rr = R;«Si»Ylf) = <06 S(V)Y? 6 .T?*; 
s\n*( +±) ' 

R;r)= 10 0 «30fO.?85i) - w.52 6hm.s 

Ri-v, = ? 8-$2 ohms 


4 - 23 . W« - (II Ec I ^ I Eg I ■ =£j [ 

ft™. = ^ ( n\^ ds d^] OV+ 4 ^] 


R- ■ f * V 

^ p = 3 -PWj _ ( M| A + 4 A 0 ) 

r<> V (Stt >? 

Elliptic polarisation st^ce 

^/.v -Ct//Aksfrh& 7 -Ai&iYifcot-Mr) Qa 4* J*- 

cc ”" - 4 Ttr 


airr 
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4-24. 


4-25. 


Dipole i- a /- 2 - 

E*~ i t J°gf | <«CJt«e) 


airr 
.->*r 


-SiMfi 


- -a 6 jr) /-costae)? 

* Kr l (? si-nfi j 

a e j'w j ? * ^ r _a cos(z Coi ' 6 ) )• 

— \ ^TT siYie ) 


3 . 7 T r* 


E a ^-j '7 jj* e ~ j * r (-^ * Cos^cwe)^ 

4 ^^ ( ^ 'J 

. * A A Case? 


©=?<>• 


ct; lh* rc »W = l-a 6 -~ - s ^ ( ° s& ) / - £ = 0 .5is5A 

'St'nG I vna.y 

(c; I be (6) I W ay _ J^/]l _ 2^ _ <5 ^3^ 
i= A/i Vi 7 T 

4cl>icli is 63. 66 /o of i! 


(d) ^ - 1-4 £: 

' 1 vS i ^ 6 s'- 

- ^ = ^ 3 = 3.|g3XI0 4 Volts 


e=?o’ 


A 

2 . 


.200 w 


Oi 


^ = <?o 0 , 9 - ! =* 0 ' 


At f= 30 oMH? , A = f 1 = l 


Wi 


=» 6 . 


$ yr\ 


r =. ao O »*» 0 . 5 *** 

Pr = ( 410 -) Cfo-t Gor ~ ( 4 F?) f^ot D 


er 


for loss-less av>tevmov. 


iVoco since. Do*=[V= 1-64-3 for £ dipole 

Pr = (in^Ioo)* 0-643)0 645) W = O.i^W 
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4-26. The time auerc^e poioer density (Wa^=i;^' 1 ) 


1/Va v = niML 
<■ 8irr x 


[- 


CoS^TCbSe 


■S(n J "6 




Co^ z (~CoSQ) 


Sin’fi 


cU 


Pr«d = 2. Rrujfcl • / p rad = ~ L ^ + ^^’ r )- Can >] = 3 o [0.5 / / y ^+<83 ff <-(7 m ] 

Rr ao l = 73. 0523. 

Prad <0.5- 100) =50WatfS . . go = ± ( 7 3 . Ofi?) ) 

(I.J* 1.36858 ■ 


At 

W« = 


r - 500w , 6 - So° , p 


Uo n 


1-36688 


Snr 1 . csoo)- 1 - 

1*368 && / A rrA *. \ 

15 r 


Co$*( g Co$Cc 
Sin^o® 



= I.743XIO -5 Watts/**. 


4-27. (O.) I !V1 = Jo sin r^(|+ 121)] 

1= V4 • *« ^ 

£*, = Jo-sinCk(|i|)] = I-Siw C* j] - IoSin f] 

- Jo siM Cf) 

Xh = 0.707 Jo 


= 146 


Xi« = ( fe)-V. -- X.-iX* ^C4^J-85 


Zi» = Ri» +jXin = 146+j^S 

v 1 .±4«dl£ = = (5-115 

Cb) Y;to = [4.6+J85 i46-j85 |6S.?4l 

Y^ =+ j 2 .?7gx|o"' 3 Xin = -j<»3.5.77* C Capacitive) 


175-503 -30 0 


|r|= . 

1^5.503 + 300 
V5WR= CI+^^O/O-O- 3 -") = ‘-5346 


- 104-4766 _ n ?| 
4?5. So 3 


0 

Yl« 



L_ 

py 1 146 +j 85 

4 


L 
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4-28 4- 'V, . — 50 chlmS 

, 1 73 -f 42-5 

= / 73'+]42.S, Yit.- 2;*“ 73 + j 42.5 73-j42-5' 

't; n = 0.0|023 -j 0.0057563 =( 10.2s -j5.?563>Xlo"' 3 r<5.,,,- J Br„ 
B;, = *><*= atrf C ; „ + C„ = -^_ = = o.?47mi°' 2 

C; n = 0.<?47?7 pF 

Cr;« = 10.2s xid 3 

= ^ = |^|t = ^f 0 = 0.323, 


U-2 9. 


Mn- - //.O , '«n~^+ 2 c ^. 7 i+ 50 ~ u - o "° 

VSWR= l /,!r , " l a — = |.?s 5 

* ~ H in I I - 

p = - A i ej^ r . 3tnC^Cose) _ _H _-.wAXo£l^'. 

J AYTv* LL ^ I ^TTv- 


El = -qU ,-■ jj, 

~W 6J 4 tt r D 


e=?cp 


Lee) 


he 06 ) = Ae'b 


flej? 


* * 4 loi.e 

B -Jo 


«p. iwevE'- r, u^-r 

lu»F|i'T IM" 

?(Jb)= lfiioj, 0 fl) =043 

4-30. v,=4eK= ( at?=o 

V, = 4 e JJ0 °= j-c vt =» c. =-j 4 Vz eo '^ 0 , c = 4^ e^ 7 ° ‘ 

Y* - (4V2 10 (i & t4, ei*0 J ■ ) =4niEe i *'[ ] 

= 40 e j7 ° [2 +j((oS3o°tjsm3o°)] 

= 40 e j7o ° [ 1-5 +j o.sss ] - 40 e j70 ° c 1.73 e^ 0 ’ J 


V, = 7o © j46<> = S3. 6 -j 45° 



4 - 31 . i = 3 o. , A= 5 o™, x= loe^ 

r > = Jji =3.6 Cw 10 On is in the far field . 

£=■•§- = 0.6 => iength of dipole is finite, ^ = it- i. = 0 .6 F 

p ~ ' 7 Iq e J ^ r r Cos Cose) -CosC 4:) I rcos(o.6ir rose) +o.3o? 

6 ~ U L . sine J =J X^r L •Sing 

it - 


H 0 o= Jk 
7 


/<- CoS (Q.6TT-CoS45°)t0.iO? 
5i«4S° 

-2TT 


0.7703 


) 


4=45° 


=» *r = *?• 10 = 4 - 1r = 12. $663 rad 


o II- 52 


=» Eg = j ***■ — e ~ — • (0-7703; = 4620 e 

•2 IT fo.lm) 

l E© 1 = 46-20 7/m , 1H*I - tIp^- = 12 25 A,n ? 

4"32. Usin^. equation C4--0J) 


Ri« = — ^ 


_l_ ^0 ohwvs ^132,668 ohms 


Sin^C^c) «m*C°.6f) 

4*33. 4* If, = ¥ » - 2 ^= 3Tr 

&) Usin^ Cfi-6oov), C8-So\>) 

R r = 165.808, Xr = 170.77 W 

b). Usinq C6-fila), C8-6lb; 

o _ 165-808 7 Xm = = 385.5?36 

Rlt » . ~ 311617 > X,n Sin^ F) 


5in\^F) 

C) p _ 3 r 7/.6/ r I-3oo 
S7/. 6m +• 300 


= 0.10663, 


VSWR= 1 * ° l06gS » 1.2387 
I - 0.10663 
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4 - 34 . 1 = 0 . 625 ?^, 

Ck. Using. C8-6oa) CB-6ol>) 

Pr = l3l?4IS, Xr = 146-131638 
b. Usinj C8- 6|a), (8 -61 b ) 

Riw =l54.5-7? , Xin = 17/ ^03 

C. r= 1 * 4 - 57 ? -300 = _ 0<3(rr> VSWR = ll£ii!lL _ |.<?407 
154 57? +506 1-1-0.31??! 


4 - 35 . Q. t= 2 oom, a-|m> f=iSokH 2 ->X 
us,.j at - 37 ;. 


, : , to ^ ii M I^Lll . 20 r ® *- 


*=. in — — w .« ^ /W j • v *» \ 

tan 6 tt tj 

2 input ~ 2 + 2 r n = 2+ 1773? -+ j 1377.07 


tanCV , 0 ) 


Zinpwt =3.773? + j 1377.07 

b - Radiation efficiency = 100 • = 100 -i^L ^ 4?. 67% 

C. RpF=-^ = 1-773? _ . „, ac /10 -3 

|&.(Z;.put)| |.377*io* 3 ~ 1433^ 


d. X=-lmC&n f ^) = -I3 , 77.07 

= 0.282 

e The anscoer to this part ^ a-S found by manually entering values 

of X until" ir| = 0-333 was obtained . 

The values obtained &.re 
Kx - 0.??803 


«- 7^ = 4 i: W i 


Xs. = 1.00178 

The Corresponding percent 
bandui'tdth i s 

BW = CXz-Xi) x 100% = 0.3?5y4 
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4-36. Ee = i r sni6-C0S (Cheese) ; 

* v Trr A 


2.TT r 


Wave = i Re C i X H’ * ] = ^ | Efi | : 1 = dr i I | W g*‘ W. a se ) 

D _ A . * 2 * 2 Wf*/z 

™ d "l L 'W«* a ' r,s ' l " ed6<l ^ = ll5r L staWUikoa)*^ 

"0 


= 1 1 p 7 si^e as^bassjde = | j^Mpj "sU [i±^M^]4e 


= ’titoir 


ZJi 


.Q> $(zM\\G>Sb)db | 


ukere I, = C n |-, as = - 3 ^ ( s' 1 "* 6 + *> 

Jb 


v /< 


2 . 

3 


/‘'V/l ? /• "/* 

Xz= l sin 6 C0S(KcoS8)d6- j s\n A e •CosaLcoS'fl)Str)& ds 
let >u = Sm^ a) = -^p; s'm (a LL Case) 




Thus 


du = cbse dfi dl)= _ ccs^kteS) .^,^,^ 

2 


I a = - ^-Sin 
afeh 


V- 


*■ * 

+ ^«w 6056 sinOl«kos&) sins de 


Let t<=CbS8 dD = sin C- 2 -^h("os6)dC-i^liC'5SS) 

CoSC-S'khffSB) 


Xa_= 0 + 


-2^h 1 2l«.h 


£®£i— CoSC2khGoS0) 


■ I f" /x \ 

f 2 &\ Ct> CoS& ) S ‘ ,W6 ^ j 

= -£r { — L Os Ca kh) -,4rr^ &s6) I ^ > = a f- ^^2 + } 

2 *iVi 1 ikh lakh) I o ) ( ( Z u)i tzk\ny J 


Therefore 




Cbs(3-4tl) _j_ 3m fck-h ) ~ 
(jj.li) 1 ^kh) 5 __ 
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4-37. E e = C^Sind CbSC^hCbSfl) , cohere C l = j V lOo^e^ 

L ^Trr 

a * Me= 3 o* =C 1 Sun6 CosCfch ^)| 6= e = O => 0>S(*htts e )| = 0 
-feh&s(3o°) = 2 ^hfa667;= Cbs°'Co) =5^ s o.^887^ 

b U = rT7 0 L k)+a „ ft * kn ,**»•«•<£) 

“faSMaJ 

f *-^iSP+l!S|i r r 5 12 "" 7l<i8 

^■3S. E e =C 1 S'in0CO3Ckhco^e) where C^=jI 7 — 

’ 1 2irr 

Eel, - Ci-Sin6 n 0)S(j»|r>0>s6«)| = 0 =*• s'm6n =o, G>sCfchcosGn)|, =o 

n^-^A h = 2A 

Siflfln ^ 0 


Cose H (bs&n) | = CoS (47rCo S& h ) = 0 =* 41T CoSftr, = CoS 1 Co) = ± ( ^-) IT, 71= o, . • 

h = aA 

6n= CoS' [iC 2 ^ 0/6] , 71=0,1,2,3,4,- ••* 
n=0: 6o = CoS’C±i)= 82 . 82 ° i 
7>=i; 0, = Cos-’C±|-)=67.?a tt f or AVe^o° 

H=-2; 6i = Q>s''(±-f ) -3/32 “ (80°^ fkefieid is fero) 

n=3 ; ^ = Cbs''C±^)=2fi.^ 0 „ 

ti-4- ; 64 = Cos '(*■£-) = Does no+exist- The sawie hdds for 7i 15 . 
Therefore where the field vaviishes for 0°^6^ < ? 0 °, are 


6=0°, 26-96°, 51.3.2° 67-98°, and 82 . 62 ° 

4-39. F 6 =C 1 ^ne-CoscHCose) where Q= 

EeWfio 0 = C,-S\nfco°)-&s(*l», Q>st6o e j) =0 4 cos(HhCosc<so*.)) = o 

K c oSfeo°)= H B Ci) = xhn= &S -, Co)=tpJ^i)ir, 71=0,1,2,3,.... 

choosina the positive valu.es 

h-o. 1, 2, 3, - - • 

ll B = o.5>, l.&^, 2.5\,3S'K ) 4-5X 
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440. Ee CA-J9) - Gsinfl-fccosCfctase)] 4 AF=2[4sc*hc&se)] = ±2 

— J Wax 

Cos(^hCosQ w ) = ±l 

> = EC Cos 'A m > = tVttTr _ J. _ 

3 


a. Hc.se„=o,s\±i)4S»,= stas'di). *ffiU.|SL =±§ , » 50 , IA .. 

A (x) 


6m= fos' l (±'y 3 ) ? ft = 0 , 1 , 2 , 3. 

>*i=o; 6o = cos~'c±o) = ?o e , 
m « l ; G a = oos'V± i/3) = [ CoS ( = 

1 Co S^'C - ’/ 3 ) ~ I 0 §M 7 I^° ($ BelotO £nsund Plane ) 
™ = 2 * = COS '(± Y 3 )- r Cos“'fV 3 ) = 48 . im ° 

Wc-}fc) = 13 l>fo3 o 0* Below Ground Plane ) 
W=3: 0 5 *^(±i)*f^)=O- 

l CosC-i) = i^o 0 Below Ground Plan e) 

^“4 • 64 = Cos^Ct. 4/ 3 ) does not exist 

b - Fern- e-sine r^ cbsakoSG)]^"^ 20 ■ wl,ere & = ?o° 

C- -ii = sine - Cost fch cose) 

Fein 

6=0° : §• =0=* #- = 20 Wfo)* -“«*B 


Eem 


E&m 


G= 48.1897° : -J®. =rsi*)6Cos(^koseJ = 0.74^54^ =2o!ioG.Lo-74$< i ) 

Eein 4 = 3 A Eero 0 ,<r 


3 > = - 2 . 

Eew 


e = 70.5288° : Eg /Eem =sin6-C6sC*kos6)| hi | 7 p.9^8^^^ 0 ^Q lo Co. Jm) 


| M = 


. E e /E 8m = sine-Q>s(*kos 6 )| b=s2 ,=: =20 U lo (l) ^odg 

441. a . 2 ir ^l= x A)|= i2imd-*)| & £CR im +jx iM )| * J 


alw# around plane -free space ' Feeu 

J 1 -7777777y77-7T7T7 

Froim Problem 4-19 ^ Rim ~Rr = I 99 * 0?9 Referred ^ofeeda^ 

From Figure 4.0 4Ximd=£)| - «- E ^ fi l<f 

aboue ground plane ° 

Therefore 

2cm Cl=tya)| = ^|^+j62.5 = 9?-5m 


aboue ground plan< 


Continued ) 
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4'41 (Cont’ol) 


L 7. _ _ ?9-Mf5+i 62.5 = 

* sinW 

C. r_ ?in ~ Zc _ CO-50 _ | -50/ 


00 


Hin + He. 00+50 l+5'C/oo 


= 1 


\jm = i±S = i±i = 


i-in i ~« 


oo 


• ^rm Can also be. obtained usinj C8-6ob). For £=A 2T, 

-2*1= 4ir, Thus 

XimCMOl = ^X !m (x=x)| = ^ [22*CM)+CosCH)[aSiCHJ-S;C2^1 } 

Gboup ground plains frfcfc $p&c£. 


4-A2. 


j * »• 

“ ^5 [■2Si(in) + 05S(2ir)f2S i Car)-SK4ir)]} = l5f20i.4J8)+[-za-4J8)-|.4f2)]‘ 
= 62.7 



1 
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4-43 . E© — J ^ fc-^ r eJ - Sine [ 20>SCfeh CoS6)l 

I A fIiw- I CbSC*h (056)1^=1 1«hGiS6n,ax= TT 

HCos6n ax = ' n ') *has(&o°)=ir, 

^•h.^) = TT, 

No natter what the height la when 0 = ?o°, it is a maximum. 

So <^ou always have a. vnoximum at fl = ?o*. If you want a maxinwm at 0~tfo“ 
then *hcoS0 =wt , Cn=i>2,3,*-) (eads tt>#. maximum at 8 = 60°. 
n=i . 'khc&S 6 | ftw =ir, h=^A leads to mwima atQ=9o°, So" 

If you check dosety, it also ieads **> a rnajdmuM at 6=0°. 

So jou Can not only haue one maximum at-0=6o° 
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4'44. E e - C r s'me • cos(m &se) 


=o 


e--e 0 * 


c«s(*te»|„ So .=0, kkcose| 

A | A ~ 


h = 


4CK9 lesa,- 4(0.1139) (U146 = 1-4397* 

h = l- 4357 A, X=^ 1 = 3 oxio_’ =(S , ers 

50 X- 10 6 5y(0 7 

\\~ |.4397-A= / 43?v C6) = 8.6362 m 

H= 6 . 638 - 2 . meters 

4 ' 45 . (Jsmjjthe coordinate system of Figure 4 . 2 . 1 fh<° total field is 

gWen by ( 4 - 116 ) or 

E> =j 7-^p-Vi~ s!nie siny raj&m fHcore)] , oc6<tt,o$^2tt 

However if we rotate the axes So that the^oxis is parallel to the axis 
of the element ant jj is verti&i to the ground , the fetal Efielcj Can be 
(written as . 

•>!u|p 

Eg = j y --- ^ ■ -Sinfi • Uj sinC-leh sine s'mjb) ] _ and 
Prod = ^ ^ Wave' & r^Sin^ dBdp = j' [ ^ | l r^sine ib dp 
FVad = sin 3 ® • sm 4 ( hh sin& sinp) de olp = JI^T 1 

1 = j^Sin^ | psin^hhsmdsinpf )dp j- ole = j^s'm 3 6 [ 111 de 

Where I 4 = psin^hsinesiripiol/ - - ^JW^h sm G s'mp dpr ] 

= i{ir- [J r Ci-| r \|l,|^ + ...)dl5jfJ, adhere ^fehsmesinp 

(tip CV J ? ■ L + "" f 
ii- ±« «r ^ .i^r^?o?v * 
h- a = £«""-££" f>> J / 

J0 /*-<*= sine \ 

from Mathewati Caii Handbook of formulas and Tables^ ^ / 


V 


•Scbaum’s Outline Series , p<j % EcjuaHon l5~io. 

SiAoU = I -3 S • 7 T . _ 3 4 

2-4 •«■■•■ C^n-2)C2n) a ' " * » ,T * 

(Continued) 
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4"45. front'd) , in 

Thus Il% £ ( -, r «).x Aw 

s TTX.C-I) M+I &*►>)% f V t. -W |„ 

* ' W ^'L s,n tJl} 

Using Series equation of +he previous reference, or 


frsin^*= * 4 « 


(4 M -2.) (-in) On t-*) 


l ■ 3 - £■ - " • £ 2 n-|) 6 intl)(JV)+ 3 ) 


> r) — ^ >3 , ' 


Ule c(a.v\ corite that 


^ 7^)7“ fnaiK/Uti) > *M+3 , . g.5-. ...f2U-|)Can-HX2M1-3; 

Howeuer a . a _ 1 -a- 5 • • - (j>i~ 3 X-m> ~i) 2-4-6 • - - • frw -aX*n )(■*» ta-) 

3h ih+5 2 4-6 •• (2y>-2)On) 1-3- 5--- C2*i-00>n+o6n+3) 

c £w +i )/[fen+0tent-3)D 

Therefore T = TTiLf-0 Vtt| Un-t-*-) 

M ~' C art).' Uvi+OCirH-3) 

= tt f (fWOfA - f^h> 4 6 (2*h)‘_8_ . + fH f « 1 

L 3 / 3-5 4! S'- 7 ~TT~ 7 J (jo) / CJn-H)C^+3) J 

which when expanded Coo be. written a_S 

1= * { T-rt 

Recombining appropriate terms,, toe hauetbajt 

T = tt f 3:_ — L- pr i/, I W r r~ii h fe^h) , 1 — 1 H — fi-kM 2 ; y r.,\ n (j.kh) 1Y) 1 

l 3 c^h)b [ *.tr c "' un+i)/J &M)h‘ 2/ \4i c 0 (in) r J 

+ -] } 

(2f?h) 5 L^ 3! J iin+3) / -J ) 

lahich reduces when expanded to 
-r _ K T ^ - sinfejth) _ <-o-S U-feh) , sin (-?U) 1 

15 Wih) (aH) s J 


Therefore "the Radiated power Car loe written as 
r> , _ _ ff .ir .1 a _ sin(dt>i) _ cos (^h ) , 1 

' 1 r<xc l 2.1 27T I -*- [ x * A I L 3 (aH) (j-Jit) 1 ' faWi) 3 J 
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4'46 . Fu, = CiV I [sihffckosE))] C z = -^ 

' 2Trr 

<a. E^ C<P-9o') = Ci Cose sinc-feWcos^ J = c i ^osf45°J sin C^) = o 
6=45° 6 = 45° 

^ = sink) =±mi , «=©>• , - 2 , 3, - - • 

olwos'in^ ~fcV»e positive vfaiues and excluding drlne n-o value, uje have 

the smallest Height of Cn=i) 

l _ \ji it _ >5k x= ^ = o r jo r jX. 

~K - ** 

b. h=^ «* * 8.88576 

1 EV = laoir^^)^ -£.. SinfoElQ _ CoSfrV^) smftV?ir) -| 

' L 3 i^lT C aVTK) 1 - f^ir)3 J 

Rr = |20TT a (^) l [-|: - 0.057765+0.0108^ + 0.000? 316]= 0.*?? 

2. ^ = >/Tir 

46~ o%3?? 


Dq •= 


_ 4Co.WO _ 5 

0.6205- 


^ [f- 0.5 7765 + 0 01086H+O.Q30 73 16j 

D> =598?3 = 7.774 dB 

4-47. Ey,t p=?o*> Ci-cose sinC^hcbse) , C 2 =-y - ^^ Jkr 

F (d=?o°)| - G-CoSGh ^(0.707 0^6n)=0 

P r 'h=Mb7A 

CaS6 n = D ^ Gn = CoS‘'(0) = 90° 

Sin (>7o7;\fcG>sM = SM C I- 414 tt CoS 0n) =0^ 1 - 4 14^ Coffin = s'm Co) 
I4I4TT cas6n = Stn'Co)= ±n rr , n-o,i,.i,3, • - •• 

6n = C^'C^tSe) , n-0,1,2,3, 

tir.0 : G«= G>s“'C0) = ?O e 


Ti=±l: 6«=- Cos'Cij^) =45' 

Y) = ±i: Q" = CosT 1 ^rlg) ~ Does nod- exist. 
The same holds- f&r 


jv O e <04^o ( 
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4-48. 


^4irr 

Hg r = -j ^ -swQi 

J r[. 4irr 


l 


i 


h 


'"'/// 7/ s //// " 

o 

X 


n = r- hcose \ bftSe t r = r, = r*,for amplitude | ^ ^ Ffe|0 ( 
ri=ri-hcoS6 ) q- 62 .- 6 . J 

. 1 


Ho =j |§^-* r sin9[^sintHf«9)] 

4'49- E e J = j9.J^i!i r '. S i„6, 

J i 41 m 


t 


7Z7 ////// ;ys/s; 
/ 


6vn-<x> 




j- phase. 


4irnL 

Far -field : r,=r-liCoS6 
r A = r+hcoie 

(r=r, = r A , 6 = 6. = 60 “"p 1 ^ 

e 8 = j 7 [ e i*M0 S e_ e i*0»* j 

E 9 = |ij ** < y t r ama • [ Jj Sin (*11 CKO ) ] 

4-50. He t ° t< “ l = He* + H 9 r 

H e J = ife^si.e, 

1 4irr, 

Ho r = siofii 

r[. 4nn. 

For Far-field r ( — r-bCoJO V (Yi=Ti-r Y* Awpli+ude. 

fx^r+VlG^e J v 

6 -= 0v - 


1 * 
fi 

77 - 777 - 77-77 ; ? 7 "" 

t 


He 


kotcA 


=. | ■kiwi e^ r , sin 0 • [a CoS ( kh C 0 S 6 )] 
J 74trr 

4-51 a. Eg ^j»( j^! 0 ^Vme Lj4sin(*l,axse)] 

sin(khcos6o°) =0 •* kh, G>s6o 6 - nn, n=i,a,3, - •• 
hn * j-Si- = 


kccsSo' 


= v\X 


-2CoS6o° 

Smallest h "> ns-1 h ==. a 


4 f Source 

h 

V 

'T-T— 7T7 7-7~T'/ / / 

h /i»-oo, I>MC 

k -t i»haje 


(Continued ) 
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V51.C<w'd) , 

b. Won - == Si»*« [4Si»'Vtthks6)] 


32 U 1 - 


ri 


r*W<w = .J.fij^ijf^nVstn^Hcose) 

^ raa = iX Xc&^sine^e^ = ^f (a )*! 1 ^ 1 f 0 sirj^-sn^-WjftsAjcle 

-Ttn tJL^i-r i» !t+ cosCafch ) , sinQH) y 
Ha) °l • 1 3 u*h) J ' 3 

T lt, !'(iriL|*{T + f%.} = T7^ni.r(o.33J7) 

*•>»« 

1 d ( 0=45° < 6 ) - 4TI U (e =4£ ° ^ } - 2S| n (4so) ^ ^ Tr0oS 45°J 
& ' Prao( 0.3327 


= 2.7V = 4-37dB 

2 - Rr= =ii,- 7^r- 

= 27i x lo 4 x 6-33?7 = -5-I3XI0 . 

4 '52. Since d«a 

-Mr = ^=>^w-d,)=d,^ 

di (-*V+lu) = IVjd ^ di = *ii*d = 5foo*(o J ) 

W + hi " -6+l^T = 99-5 meters 

tan 1 ( -gL) = W ~ ■*• &7CC? 0 




Sxio’/iatfn)) 


= i|.xlo -i = 3.6X(0 _i 4i<l 


Therefore He earth is a <}ood dielectric ^ -Jf; u ^7, 
The diuenjence factor is ecjual to Ca=- 5-2gOY>»i|es = 8.49736S x|o 6 m) 

= t 1+ e^wiglScixiro.ofli] = tl+ °-“<’4«> 

= 0-99977 

and He reflection coefficient e^ual to 


1/1 


p v - rjp CosQj - y, Cos6* 
CoSGi + Cos fit 


cohere y° = 





Y„ sine; =YiSin 6 t =* (3oSinGi = ^sinG* 3 sinet = |lsinflx"’^^i« 6 / 

Cos 6t = J l-s'm^Qt - V ,- -|f 'Sin 1 6c =-/l — 

Therefore 

^ = Cos6;-7ff Cos6t _ Cos6; ~ cos6; - V<£r 

G>$ 6 4 + Co$ 6 + O)S0i + ^■/ l - siri*6i /e r frCos6i + Jer-sw^i ((ontirmed ) 
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4"52 CComt’d) 

Qi = 90 -^ =90-2.6766?°= 87. li33l°^Sirj6i = 0. ??87, - a.oSo*. 

Thus o 5(6-0502) - VS - CQ 9?g7)J _ -1.749649 _ _ 

^ ~ SCo.05<U) + j 5 - fo.9957; 1 ~ 2- 25164? 

p ^i,I.eT)‘ r ftstf&s*) -jfchtortl 

# J< =nr 1 J e-a- ^ 


6 = 6 ; *^ 87 . ( 23 n' 


r -Jd i + (hi-hf )*- = Jt20,0OO)\ a l,000-? < p.s; 1 = 20,020. 2.6 m =66, 734 2« 7 A 

W* 5m = 16-667 A , k* = iooovn = 3,332.3333 A 
p - j.pofl. X o e~jy(66,734-207A) CoS(fCoS(g7./2»;) r j ^t» / CtoS6; 

J 2TTC 20,020. 26) S'l/1 (87/2 0 ) L + ^ 

gjx(66,734.207\) = gj J n (0 -207) _ e ~i is = CoS (74S2°)-j S\n(7*S**J 
= 0 . 266 ? -jo. 9637= 1/- 74-52 6 
Co s [-| Go s( 67. ( 2 °)] = 0.??6667 , sin C87 \i°) - o. <)987V- 
gj^i" Co$6i _ e j'1c06-667A)(0.0502) _ e j2im«,667)Co.05oa; _ e )5*S7 

= CoS(3o|. 2*J tj sin (30 I -2\) = 1 / 3012 ° = 0.5181 -JO. 8553 
g)MuC0Sfc_ ! ^-30|. 2 » = 0.5(61 +j 0.8 553 

DRre -jhhiCose;_ 0.99?77(-0.777;r0.5(8l+j0-8553] = -C0.4O25+] 0.664-4-) 

Thus 

e ]K^Cos6; + De^tC^i = (o.5l8l- j 0.6553)“ (0- 40 25 +j 0-6644) 

= 0-1156 -j 1-5197 = 1.52414.-85.65° 

Therefore 

E.*U«o-)CU«> l.a/-7»5,-)to.W887) 

2 IT (0. 99874)620,020 26) 


Eg Cl 4.5592 x 10 3 I o /-70./7 


or 


I E e | = 4-5592 X I o 3 IX 


Volts/m 
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JO X 10 


A' 53 . From Calibration ] 

-h. = £i ^ 

P-fc R* Ll Pt K 5 

on asteroid 

= -fr 1 1+ DR,e^ Cose | 1 

Approximate geometry ; 


r6 


xdoxio 5 )* = 200 m- 1 


el-Bm 

2 OOO m 71 

y> =^an' Cr—-\ — 15*1 o' 3 = o. 08 <s < ' 

I OOO ✓ 

0 i =■ IT-/’ ; Cose^Sin^Or I.5XIO 3 

Stfl 0* = Soi 0 A ^ -1 * cos A r ~ - 2 ^"^ 

3 " 3 J g 3 

Rv =■ TT - Cose 1 = 2 CI S x to 3 ) ~ V - _ 0 

cosei+cose* 3 cie-xict s ) + 

S^S^iooom ; a = lo* m 

o* [i+ 3 -§51 ~ r lt2 i»>°°K | °°°> f ,A = 07m 

ad tan p J I0 4 (2ooo) |. 5 x(o* 

A= f = = 1 m 

300x10 4 

| it Df? v e j2 * kCo56 | **11- C0.V^6)Co.^o5)e ]A1T ^ I 

= 11 - (o.m)(o.99os-) e ]4ir I*' 

= 0.054mz 

Pr ~ ( ”^j»Co.0B4l77^t5)« |.3544/I0" S W = |3.S^W 

A‘54. Prad = lOWfttt, r=3.7xio 7 m, Do = 5odB =» lo 5 

^ n = dm ax _ 4-n r I E I _ . _ 1 1 — t Ema** - *, — i *? a tt ^ 

a Uo “Twi 5fio 10 > (Slwfe Umax_ J 7 0 ^ 

=* E a = I0 S X 2X 120TTX 10 _ 4 4x(0 "8 

att ( 3 . 7 x 10 
E = 2 x 10 4 V/m 

( Continued ) 
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4-54 .CContbl) 

b. Use Fi~iis Transmission 


pt- (4 ttr) ' ^ ot '&ov - (4^) • Pot * Dor 


A* lo ^H 2 , A = 0.03m 
Pr _ r 0-03 


r r _ f_0_ 

10 L Arr, 


4 -tt- (3.7*10*; 
p r = 6.84 X I 0 ‘ ,S 
- JVf_ 

8Rin 


(Since we assume loo^o efficiency ) 
] *(lQ 00 o) Cl- 643 ) 


Precel 


v;ed 


Since Rt'- / 73-l ^ in 'for dipole. +loeyj 


v= /8C SjfW - 5«V 

4-55. So 0 IA 0 ^/S'olA , A - JAo 

Sc~ dA 

far ? one S-i^lll Wave front 

HI / ol Ao (eijtohaj Surfati 

InV^a" j 

For sphericaf. wave : -ML = / ^ - — ^ 2 — 

r l&l Vf-s+s.) 1 S+.S. 

For plane Wave. : IE|/|E. ( = 1 . 

In general, it can be shown that for a Wavefront eifeohal surface we have 

in - r ~ e> ^ 

lEo| ^ Cfi+ s) 


0 /f 


WM 


M 

WM 




f)i and p* are radii of curvature 
of wavefront . 





e j- spheric^ wave ; £1 =£«.= S 0 


Wavefront Wavefront 
at S„ at S+So 


lil _ 


So 


|E e | VCs+Sc)* s + s 0 
plane waue : ^,=^=oo 

If- =1 

lioi x - 


When "the loaue front is reflected from a surface We kave 


io 


e. r -f/ 


Cf, r +S )(p+S) 


(Continuecl ) 
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4 - 55 .CCont’d) E Is field at observation point. 

§ 0 is field at reflection point. 

^.fcurwture .f 
u/auefront not chanjecj \>y 


K: 


reflection . 


b r ~ ^ S |g^ e | s'-t-S i + s/s' 


Spherical Surface 



In ptysics, we always Used fi=-f 2 _-%. TblS IS not Valid here 

because that -f was Valid for near normal incidence j we baue near 
gra-ein^ incidence 

^ s &CoS6* ( perpendicular +o tbe plane of incidence = elevatioh plane) 

f ^ = a, (parallel to the plane of incidence « Oeimuthal p lane ) 

Thus _1_ _ - _k = J_ 4 -i££ii ; 

Qr~ S ' + dCoSBi ' (V $' 

j 


II 

lid 


{ I + a CoS6:)l 1 l + s +■ ) ) 

1 


,/T +T7^Hr -J ±+s_+ is cos* 

V S' T acose* Tl a S' — a — 

1 1 


a *& vi+ m y i+ 

S+ S' 


iSS'CoSfii 

a 

s+s / 


(Continued) 
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4-55 (Co-nt'd) ,as(S-p) = sin P 
IE I / 1 1 


i.l 


«, r 1+ -^ — — i 

1 acs+sos'mp' -l (i+ & /s') 

^ T)e<xr ^ra^lraj. neglect di Defence t*i azimuthal pi 



5-1. From C 5-17) =» A = *0 = j [ ,f jj^]e^ 

(&) Usm^ (3 - 2 . a) ano( < VJL--*£) 

H = / v*6 yk{& CA^sine) - o o 

+ a 6 t[iiW0^- Jf^V)] ^d/s^lir j 


Which reduces jfco 


«■/{ 


rsins Stvie) - as r dr O'Apr) } 

Using Afz -from atove 

H -/ { A 7^5 l> [ r jfr]*-^] 

-a« iKjiasii^ci+jte-)^} 

4- J 

Which Cah be a^r/tiev^ a S 

H, = -WWW [ , + i - firO e)* r 

4r J 

Hjy = 0 

(b) Using Equation 63-10) u)ith J=0 along with the H -field 
Components ^frovn ahous. 

£ = jie VX H = far Co) + a 6 ( 0 ) -I- a^ltl-CrHe)-^!"'] } 
which reduces to 


Er= O 

E e = 0 

The same expressions am be obtained using £ 3 - 15 ) with 
the Aja -ftorn part" a. 
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5 - 2 . 


According to the 
AS Outlined m Table 3.2. 

Electric Dipole Magnetic Dipole 


duality theorem artol the dual Quantities 


E 


H 

H 


-E 

Ie 



€ 


/* 

A 

<=* 

6 

k 


*. 



‘4 

\ 

<£> 



Thus applying the afcoue to the ^fields of an electric dipole , 
O.S giiv/eyi by (4~8 a) - 64-lOe ) } toe obtain the -fields csf a 
noagnetic dipole g'(Ven by 

E r = o 
He = o 

r- _ ' -ftlwA-sinfl ^ , _l_\ 

4irr 0 + j*^ £ 

u _ l i^tcose , . , _i_ x -;fcr 
Hr ~ 7 Z. ^TrT" f + 


H)2 = 0 

(johich aye identical to CS~3 o a) CS-aooiy 


% 



5-3. Rr Cl tarn) = 30 tt 1 ( x) 4 = 20 IT 1 ( ir)^ = 0.31583 °hm s 

(?r ( 4 turn) = N^Rrtlirurn) = 4 - ( 0.31583 ) = £.0532 ohms 

Rl (1 turn) = Rhf Cl turn) = 

Rl. ~ Rhf = 0.0-2.65 

Rl ( 4 turh) ~ Ramie = IT Rs C ~ l_ D 

p _ J _ / 2 TTX| 0 7 xf 4 n XIO'*; , , -4 

a CS- 7 X. 0 *; = 8 -^ 3 x(o 4 


Ro = J^Rs = 4 ‘f«. 3223 * 10 *; 

2 Trb ,_ ., . = 0 . 

- 2 TT <^(0 i) 

“- 0,5 frovn Fi<? 5-^6 

Ro 


Sjffi 


TV)US Rl= Rd-ie - ^ = 0AS7a + 


and e Co i C 1 turn ) = wo- Rr/ ( Rr + Pi. ) -- 


_ 0 . 315 ^X 100 


i|Sg + O.Oi 6 b 


- fz.i 6 = 


€col (4- turn) =ioo- £*/(!&■ -eft.) 5 0532 goo) 

5 .o£il+ ai 57 ii~ % 

5'4. K& «■ ~ — S 0 1 sins , 

A r _-j, r toKere v 2 = irc\ i 


E* = -^H e = 7 f 


tt S Io e 


Wave - i:Re CExy # ) = ^Re(V E* X a Q Rt ) = 2 Re PM H « x dsHe y 
W ftV * = dr ± Re C^IHel 4 ) =&flHa| i =5ri:| 3E ^| = ^rWr 

Pra<A = jij) W ave ds = £ 2T J^ar Wr' (X r r 4 Sin0 dsd^ = ^tt [%/r & 


a. r* 


= "11^1 f 


_ 4TT Y[ I (Ta^Io 4 


= \ TT (M) 4 |L | 4 
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5-5. A = i j ( , + |t) ei* f a it j eit r are 

frotti e ^ uoL-tiovi ft - n ) anct Wje . 

Usin^ C3-£8a) 

Er-Ee t0 


Bp, - -jto Apr = -jo) C ) slwe ) = \ sm 

where S = ira* 
ako using 63-58 b ) 

Hr - Hpr 


d *’’ - 




5'6. a. R r =* 2o-n*(£)*=z 20 ’Tt*- (^) 4 , A=-^f S =j 0 wi 

0 < 73 = =£ a = 0.0372.4 A ~ 1-177 Tveters 

b o,<T3 /\j = 300 N = 2.0. 272 ^20 

Rr (20 Xums)= 0.73 (*o)*- 2^2. 


C. 


Pu ~ Aem ' Wr^t — 

- ( 4 )< 


H o . f * oo "*)» ^( 4 )( i - in i )- is ' < 

_ 0 . | , 7 « *(•••» Watts 


a= %0 , b = V300, 2C = A/ico =$C=*6 <> o,Ns£ J f=SXloh, 

a . Since a - « A 
Do = i s = i.T6i dB 


b. Rr= ^oir^Cx) 4 = * 20 ir i C-j^-) 1 ' =- 20 TT i <:i -7^ x \o s ) = c. 57^8 oUs 

C = 5 -TTQ = - 2 TT (_Yo) - T ? ^ 

Rr CSi^fe kirr\) = 0.3'7 < f8 ohms 
Rr C € turns) — 13.673 oUws 




AAoo 

A / 3 oo 


/.S -> 


= 0.6 5 


C Con+in ue<=( ) 
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5-7. ca»t«) fe»Vf£ = ^ ** 


= J— ^oxio 6 ) x|0 -7 = = !8.6c?xiS 

R l = 6 ) - I8 6o?x(o' 4 (0.6S+O 

/yjoo / 

= 6 CI0)C 18- &>?)(/• 65) xio' 4 =: j # 842.31 * l ° 4 
Ru (6 turns) =■ 0- 184-231 

(Si^le) R t =Mp/1^4^a = K^_ xlc ,- 7 

J A/joo V Z CS 'IXIO'’) y sr > 

- Z1\U0){^ XIO* = (86.0?!? Xlo' 4 

(8 turns) R l = 186. 0?!? ^)CI-6S) xio' 4 = 1,84-2.31* u> 4 

e cd = - 3673 Xioo = 18.61 X 

13.673+ o.|g4^| 


C |ri ~ UM 1 IV1 ^ = Li^irn___ = -oo. i-r- ■ ' - 0.566 

1 C(?r + Ru) +5o 1 I 13.857 + 50 | I 63.857 I 

e r = (l-irl^XlOO = 0 - I 0 . 566 | a ) Xloo = ( 1 - 0 . 34)4100 = 68 % 
d. G a - ecdDo =(0.?&6?jDo - Cc.?867)(/.5) 

Ass 

Gr 0 =z 1 - 48005 ’. To ted Maxjnuwi does not irt^Vle the. reflation) 

5~8. ^-3oMHi -» A=(OW , ka= if<0.l5) = 0.03IT = o.o?4as<:rad) 

Rr= (ka) 4 = 64 * * (o.oair) 4 = o.??68-a 

6 6 

$ — : — * — - / ■*-■-,• •; — | 2! ‘7 XIG^ w « b 

d — l-n-r 7 — -/w ^ w .r,6 * J TTY in 7 X 5 ‘7 VIA' 7 — > < < 


l-*urn *. Rl= jrr 
0D0 


— - , - - ~~ = 1.21*7 X 10 5 w «b 

irf^/W -\/ tt x3oxio 6 x4-irx 10 * x 5* ‘7*10' 

a _ c. 15 _ 

Z f bl * 5.'1*lo**o.oo\ x i.^l^TXld" 5 - o.2\ez-^ 

= 8x R u (Hturn) X (-§E + i) , C /b= I- 8 =* -§^ =0.5 


8-tuirft:R L =8x R L (Hturn) X(-§£-t-i) 

K& ' 

•'• Rl = 8x C0.Z\6z) XI. 5 = -2.5?4-^4 


P - Rr 6.7?68 

C cd ~ pT7 ~ = 6 - 27 8 " Z7 ' 8 /o 

Kr i- Kl 0.??68+A5?4 
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C Q . 

^ J ■ n small loop is equivalent to an infinites! mal magnetic clipole 
whose axis Is verticaf to the plane of the taop prodded. that 
U4wi=jSc^tIo cohere X*, is the Current of tlie magnetic dipole, H is its- 
Aencjth , S= TTa 4 = area of the ioop, and Xo = Current of the ioo p. 

Thus the fields of the loop Can he obtained from those of ah 
etju i Valent magnetic dipole . 

Cl. When the toop ties on the y f-plawe , the fields Gan be coritten, 
Usin^ C5-^oa)-C 5-^od) for r-r£arge,as 

cohere 


Simp — V I - Cos* If = -/l -( Ox'Qrl A = y ! --SinM Cos'y 

X* 1 = jS c^X> =J Jo 

Thus £ - g*<a/tie , Hy = ^ 


b. Since the field pattern of the antenna. is Sinzj; cohere ^ 
is measured from its axis , Mrs directivity is the same, of a. 
small electric dipole or small foop . Thus Do = it; 


510. 


Usinj the results of problem 


a. E*ar ^“/.k^- Ji-id,, 


4 r 


| 2 = a*co/(k To ei J _ sii^mfr 


■H ar 


Ar 


Hq, Sr Ex 


b. Directivity =Do-^- 
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511 Using the computer program at the end of Chapter 5 

o, a- A/so = 0.02. A 

Do = I 4788 = I-757SUB , Rr = 0.04? ohms 

b. a= a/io - 0.1 A 

Do = (-4C?? =1.6731 ctl3 , Rr = -26-41 ohms 
C. (X - A/^ = 6. 25 A 

Do = l.2.?6? = I. u9l dS , R r = 733.7-38 ohms 
d. a= a/2. = 0.5 a 

Do = 1-7768 = 3-5447 ciB , Fr~ 3,io^-5 ±8 ohms 


5-12 . Accordihj to ( 5 54 b) 

~kr 

Ep ^ - ak ^ e l J.cfeasinO) -J,tfeasiHfl) 

Therefore the nulls of the pattern occur tohen 
Ji (fea-slnGn) =0 => k(\s\ne n = o, 3-84, 7-ol> l0 -i^ 

Exclud^ 6-6 -, |- 3.s^ __ 1 _ si kT' Co .4887) =37-37' 

_ | Sin 0^3^ ~ S ‘ n L 2TT(l 25)d 

S ""(W = s ‘" ' = Si n"'c o.873b) = 63.17 


5-13. Since E# " v - Ji £ kcvsine ) 

a. E 0 | fl=o = J, (kasine) | e=Q - 3\ to) - 0 

1 0 = tt /2 = Jiikast«8)| 6 _ = Ji(ka.) = o => ka= 3.84 

Thus = 0.6111 b- A 

b. Since a-o.6|ii5 A > 0.5 A , use Wje loop approximation . /Vcov-Uinj 
to ( 5 - 63 a) R r = £ 0 TT 1 C c /a) = 60 TT^x ) = ^oTT^tt ( 0.6 iii S)) 

= 3,273.?4 

^ The directivity is given by 05 -- 63 b.), or 

D 0 = 0 .& 8 Z C~) = 0 . 68 Z (*#) = 0 . 68 ZC*nX 0 Ml 5 ) = 2.61 7 
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5"14. Ep ~ T, CfeasinG) 

a ' ^° 3 ' 84 

From the Table for JiOf) in Appendix V . Thus 

O, = 3 (3 84) - -263. 84,) •> - 1.2.22. A. 
k 2 TT 

b ' Ef8 ^ s J|CI-84)co.S 81R2 =-4.7o?dB 

E ^^ = ?o° = TiC*a) = Ji r xOiiiX)] =Ji (.7-678)- o.lTS" 
Thus . , = - |S-| 3 ?dB 

AE = 5*l6=f 0 °~' E J*l mM =z ~(~4 .70?) = - 10.4-3 413 

515. 

Q. A^rdinj to the Table f°r J\O0 in Appendix V 

Ji(V)=0 when X = 0, 3-04,7-01, lO lf, ••'• 

Since toe want a null in the plane of th e loop (6 = 0 °) and two 
additional ones for fl°£ 4 $ ‘fa 0 , then 

<?aS ' in 6 Uox= ^ n 6 l fl = ?0 o =^= 7 -oi 


Thus 


a= X 1 " ^fA = IHB7A 


The nulls will occur at 

£>- 0° and 180° 

6 = ? 0 * 


tei "«l«,,,, S7 A = ^* 4 

=> e = sin" r- a «4 1 = 33. 

2rrCi.ii57) J 

and 6 - I30°- 33.21° = (46.7? 
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5'1S. E = a*C,J,( fcasine) tohereC t Is a constant fw - <V 

a ~* PLF=lft-/U*-lW 

By inspection, the Pip is maximized if -the probe antenna is also 
tinearty polarised In the p direction. This Can be CLGcoloipUsbeti by 
Usirxj os a. prohe antenna another Loop antenna so that 
£ = and PL F=|v4r=l. 

It can also be accomplished by usin^ a Linear dipole asa probe 
antenna toith its Length parallel to the plane of the Loop avid 
tangent to its curvature Some specific examples would be 
fusing the transformation VII- 7b J 

(L ~ 4 1^ = ?q0 =* PLF = | % • d; [ ^ ?oe = | <V (<\ Cos^ -<ysm*0 £ 

= l<&-(~4*)l x = 1 

A ^ . 

?> - a 5 l^-o* =$ PLF= |a^- <jj| = lQ# • (^dj. sin^ + cos?;!- 1 

and Wany others. 

5-17. A very small Loop of constant current is equivalent' to a magnetic 
dipole. Since the Hoop is placed for both parts (a and b) 
perpendicular to the Xy- plane C the plane of the loop is perpend- 
icular ho the xy- plane), the axis of the Linear magnetic dipole, will 
also be parallel to the yy- plane.. Therefore according tro 
Figure. 4-|2- Q ' "the image. of the horizon tail, magnetic dipo|e. 
Uiill be as sWon in this f (jure. . In turn the array factor for 
both partrs Ca and b) of this problem will be the Same as that of 
the verti&i electric dipole of Fijure. 4.13 or 

A F= 2 -cos t-fehcosA) 

( Continued) 
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5*17 Cfonty) 

Since the actual Source and *he fmaoe 
(XYe oriented in the Same direction . 
Therefore according to C5— m ^7 c ) 

G. Plavie of the loop fs parallel to the 
x. £ -pl&vie 

ikr 



Actual Source 


/y-pla^e 

,'As/ 7?77777777777777777 


% 


6 -</> 
3rnaje 


E x = Vtn f CA F) , sim}> = Jl~Cos^ = {T^idj T diT i 

- ~ rle^ 3 - r / o]^ r = \[l ~ sin^ siw^ 

— — e -‘S'mf [2 .c»scHc 6S6)J 

AT 

_• jjp 

*» = { CosC^tn CoS6) / l-si Y\*e Sih^ 

H™ = -_^£ 

T ’l 

b. Plane of -the tfoop fs parallel "to the ^Z-plawe. 

The fieMs jbr this, problem are the savne as those in part a . 
above except that 

sin = /, - Cos 4 -^ = i I - lax-aVl -2 3 /l-slvte eos-y 

5-18. „ 


1 4.V 



' ‘///////////rrr r- =? " // // 

6 - °° . ^ r coo 

CD 


!*• 


|AF| = I-2.J SiH (£heoS6)| 

Ejg = ^ 11 -S lo g J ^. r sinfl S^ira 1 - ^ fh <= “ 

(E*)* = Eft (AF) = >l~~£ — J <- above ground plane 

total field. 


h-A, 4?h = 2TT 

Sine [2jsin(2iTCoS6)J = 0 , sin (2TF Cose) =0, 271 cose = mr. 

0 n M =o,i,.i 

6 n = 0, Co^6,= t, 7» 3 0, i,i 1 6n = ?0° 

0, =C0$'(0) = <?o° 

01 =CoS~'(i) =Go° 

Gz-CofU)=0° tCorjti nuec/J 
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5-l8.CGmt’dO 


C. (E)«)t- CSindSin(-khC«S8)| e _ fo<> = 0 = = C t s "° (3 c) 

sio($)=° 3 ^=siw'fo) = rnr, 11=0,1,2,3, -- • 

=iM =£ Pli^sifcJ Nonjero hei^K't' ^ h = nX, n = i,- 2 , 3, - - • 


5"l9, Cl. Army Factor = 2 Cos( feb Co s fl ) 


AF = 2C0SCHCoS6m) = O 


7*77 


* ~ > > 
h 


/ / / 7 // 


h 

* > -> 


=9 fell CoS 0 n = Cos'CO) = nlT /^ «= ±l,i3, ±S, 

fl -= C6S "r^r] ■ Cos ''(fr) =CosH( ^Lv= ai ' ( ^ 

n / , i 


' rn ''K = A<i 

0\= Cos' t±-£) =6o* Q s = cos' (±x) ~ does rot exist • 

5-20. From problem 5- IT (A) 


EpeJ — C A Cos C feh — sin's sln^ 


\9 

6=45° 


6-45® 

'A=T®* 


r: C<i Cos Ckb Cose) CoS(6)| 

1 '6=45° 

- 0 . 707 - Ci Cos (-£=) =o = Cos'(a )- . n ' 1 ,^ 5,--- 

For the smallest beijkt 

^ =f = ^ X = 0.3535" A- 


CJy\ a P _ 0. _ L-_. ( aTTcax/oSJM-Trxto-^ tt fTT 

D 4i. a . Kl - (j^ - aO(l°~ 4 .) V Z S-7XI01 20 V$/> 10 

= 2.27?l5"oUs 6 

|>. = |20-1t (f T) (fe^ / ) i = = 80 Uoo) *- = 

C. in4uct^e- reactance Xa=A>La 

=• yt/o- a- [in -2~] = 4n*l®*(5o )’ [ Wjo‘i<r*)" 2 J = 2 648x1c 

[*(k-k. b * l(f*Ao ) * A=l™ , f^3X|o e 

y A = 2irf La = 2 Tr (3xio 8 )-C2.648xio 7 )= 4??. 156 
/. Xa (F*l or ^r ) 
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5-22. 


Frorv) equation ( 5 - 24 ) 

Rr = ? (?) Cfr) X =’l *£{ j £r~ 1(4 on. | r .( 

- uof.*.^ ( ^:j A =3!|7 o.jo?£ 


2*S \ x 
A-*- / 


a. 

t 
b 
* 


±<k -* 


Area 
»S = ab , 


R r = 31170. ?<??. 


a*b* 

A 4 



5-23. 


In Far -Field f^r»|) rejion 


Ev=- E^(tyr = -j ^ ' e J : efted-ije. 4evtjHiJ 




4 r 


s.16 = rt ^; e; * r SU>B 


= 'v, klo (pfcs-swd) e -jHcr 

( 4 rrr 


. r . JL ) 
(<? P-~ 4ir j 


/e - J-k S-smS Ogr 
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5 - 24 . 


a. 


L 


C=2TTa = l4A ^ a= -^'0.2^8A 

SI = 2in(2TT|)= z tn(2ir-^28_'j - ?0 

6.0(555 J 

Frovn Figure S.ll 

2?,"n = Ri* 1 + jX’,v, = 220-jAO 


1 P'1 — 1 ^ 

■ 

220 -\4o -3 00 

1" U. + iFo 


- 2 - 20 -j40 t300 


= 0.1715 


= 1-414 


C. 


• — i n i-o. i7i5 

Y; " = k ^4- f j08)« s = &rj Bc 

To ^ sonata the circuit, the unknown 
element must hai/e an inductue admittance 

of 

Yan^r, = 'j 0 OC ° 8 = "j 4L * L- 0 8 ^, f) 

r- 1 ■ i » ■ - < i y 

~ o.fcxicf^irxic 8 ; 

L =-^ = i.?8?xio 6 h 

I-6T 

Therefore the unknown element across the terminals 
of ihe 4«op must be an inductor of L = i fSf xio^ henries 

5 25. a. from Figure 5.U(a,b) 

2in = to -J no 

jo. Xndudror', Xl = tlio = 0 )L - 21 if L 

L= ii£ = Ji° = ii£ * IQ -? 

ml ;?TTCio <? ) 2ir x, ° 



C. 2;*, = ?0 

^in - Ac_ 

£\* +Zc 


in = 


_ 78 _ 12 

?0f7fl 168 


= 0.0714 


WO...O Itirl 1 + 0.0714- 10714 _ , 

VSWR - -pTTPf 0.4085 - '• 1538 
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5-28. 


a. 

_a 


From F i^ure. S • 1 1 Cb) z? r* ~ Ri*» ^ J X'th — Rvi ^ )^h 5 O uJhe»i 
12 ^ aiT(a/b)=r 6^=403.4-2? 4*5 -=64.^1 

II ^2Trca/ b) = e « = J8 

10 => 2iT(Vb) =e S =148.413 = 23.62 

V °\ =? 2ir^/b) = e^ s = ?0.0I7 =* §■ * 14 33 



b. These occur when the smallest circumference of the Joop is 
xfroyn Figure 'S.ll 6b) 

_a -12. ^ C = 2Ta cc 1 . 08 A ^a=ai<7l?A4 > b=o.i'ri?X/64.-2|=^68>iOA 
_T2 = 1 1 =^C=-ZtT<*- l.loA ^>a= 0 .lT 5 A^b=o.l7B7\/38.?4 =4..4?6Xlo i A 

~n. = 10=£C = 2ira ^ |.l 4 A^ 6 X=o.l 8 l 4 A^>b=o( 8 l 4 A/ 43-62 = 768xio" 3 A 

-fi= ? ^C = Airao: 128 A^a=cuo37/\4b= oio 377yf4..£3 =l^l6Xlo\ 


5-27. io*;=i 0 CoSpS 

“■ * tf) = -SO 

J 0 

= ^ « ^’j-aljTV.si v'e ;k4i; '’ 6 “ s ^'V ' 
+ 4 £“W ei toslns c ° SL *-«'%' j 
= ^{-CujTin^O 

4 A, ^(Cost^izr'J + ! ) e |k<lS '" s ) 


-'fcr 

= yU^a | j^c^ASine^m 20 - Qj X^basinaj cesj# 

■+ <£, Jafkas'ine)]- 

_yU^_a ^ j-a f ,x.(tasine;cos/4 Oj j [j 4 Ckasi nfij + X(Ksmfl)] } 


oitr 


— /Q Xq a g j» 
2 r 


{'61(8 X (tosine) G>s^ -t- a, 


cncleeuslne) \ 
kasin& J 


C Continuecl ) 
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5'27 c coat’d) 


A * = ^ f* r | Ii(teinw - 

= / u^a £>► J/ C * as ;„ 6 ) ttspr 


Aft - y aI o Q ' e|* r Ji (deasine) 


z r 


fra.'Sine 


C6Sfe SI Kip' 


Ed 0; o' T el kr w 


I 0 r JiY^Sine) Cosp 


Eg ,i V^Q. e J ^ r Ji (frasmfl) 
2 r teasiwe 

b. 6 * 0 , 0 =^ 

^ = ° 'hr 

Ee * il** 1 £ kr 

*•* -‘sr-a^ 

U(8=°,^{) = jgri<^>‘ 


C*s6 smp 


5'28. a. From Figure 5.14(a) "the smallest chafes m reactance 

for -Hie smallest h Ck<A) occur <oHen 

2.8S 4> h = =• A s - o.a^8 Ao 

2- *o a 627Q 

b. For a. j2*oh«z85 =P -AR/ffo-o.4 <frohi Fijuve. 5.14^)^ 

Thus aR cs -C.4R0 

and R r = R 6 +AR = R 0 -o.4fc> 

Awarding *to (£--24) 

ft- «W£) 4 = »** (^) + = *>WSf-°.WW7 

jVierefoKG 

R r = O. 6 R 0 = 0.6 C °-V8n5H) - 0 . 47^5 Ohms 
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5-29 


a Ri.= Rr= 5 o 1 r‘(-|) + = 2 on*(i^) 4 =aowH^^) + 

= 0.3158, ^=l«L 8 =0 . 3m4Q=1 ^ = o| I 000f5 

X;* = 


001 


i " = ?“° a fv^j-i.75j =^1T ce’J4*rf > Cm)[^(S^)-m) 

= Btt (3) [ JLy) (40o)-i. r js] = 3 If. 7f8 500 

Rr« = 0.3IB8 , X; M = 319- 7?8 
b. 2-koh = |I(a)(0.06 *) c 0.753?g 

N ' = ^ <r ‘ +J t ° 6 ' = '0 4 -ej^xlo\ ( if* xiH f J = lo 4 +j A 

1 jwco > 4 , _ 

— J (0 

N ' = '^0'~^W^^ = 'f ' 4 =^#N,‘=4. 

Using Figure 5. I4fd) ££--i:|.o=£ ^yi.~o.i6=sf 

d J Ro ^ Ux^o.|R 0 =0.63158 

C. Rih =: R;n -+AR = 0-3158-Cz) = 0.6316 

X;« = X;* +AX = Sff.Tfg 4 0.03ISS = 31?. 8*158 


d. 


p- _ Zin -Z c _ 0.6316 fj3 iq.g^fSg -goo _ 43g. 0?# A. 133. (07* 
2in + £c 0.63l6+j3l?.8ifS8+300 438. 46- *772° 

= 0.??80Zg6-3SS' & 

VSWR.= 1 ^ 1 = 1 + 0- ??ft> _. aoo 

i — in«i i-o-m ’■ 
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61. a. E* = E, + E z +E 3 =• -2E 0 -^r i- Eo -t- Eo -fr— 

Inhere the center element is placed a* "the orif n. for f»r-field 

observations 7 1 

CovytpotVer hriqrawv^ 

r i r ; d , c r: > ^ p^ & v^w 

^ i* d foS6 J u =. 

H * r*-r for amplitude variations a4. 

/vwJ 'W r ii * » R^acl ^ 8.7//? 

d E**&,^' r ( i+ e !WffiS6 + ei l ' J ‘ M9 } d.-,.4«44 

, , , , \ = I 5?l0dB 

- Eo r { i [ | 1 "i (e jW “»+ e-i w “ M )jn w, «f J 

= £■> ^r^ 1 " { 2 D+ cos (fcdcosejjj | AFft)=4^»^ J (^G>sgj | 

Thus the array factor lS exiled, to 

AFC6) = 2DtG>scMcose)]-= 4 g>s j -^c<3S6 ) 

uihic^ in riormaliiecl form car) also be written as 

AF (©)»,' it- cosOdcose) =- 26 sY^-<foss) 

k- ~Fhe nulls of "the pattern Can be found itSinfj. Giiher of- -fcbeabou^ 
forms for the array factor, for example 
One fbrm the other Form 

AFte) = It CoSCfedCos6h) = 0 2 CcS^ &ieoS8 r,) -0 

C0SCMCc>S6n)= -I %^Q>SSki = as"'Co)=:^, W-±|, ±3,- 

k4 CoS6n - CoS '(-I ) = Vi If, Vl= Al,±3, ■•• 6h = Co^ ^(nA Cud )) jM-iljiS,.- 

fir^Cosf nX/id), >1=41^3^^-.. 

toKic h are of identic*^ form. Therefore both forms’ y\ eld the same 
results. Thus for d='V4 

^ _ CoS -i( ]2Z^ cos'Un) ,n=*h±3, - • ^ No nulls e*<st. 

C. Similarly The maxima. of the pattern Car be found usm<j either 
of thefioo forms for the arraj factor far example. 


(fContinuaJ.^) 
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6'lCCont’d) 0n ^ Fonw Other Font) 

AF(6)= HrCoS(k4cos6m)=2. ARe)*-2 6s*C ¥cosq«,)~ 2. 

CoSCMcos6„,)~ | CosC ^GS6*)= =fci 

Worse* = C°s~Tl)=-2ftT[ ; m=o,±l;--, ^Cosem = ^s?'0t|)- wrr , 

Q m = cos~'( ■&£.) , 6m® Cos'Cffl, »- " ‘ 

aJhich are ©f identical form . Therefore both j/<H4 the same result's . 
Thus for d= >V4 . rto=o:Go= tts'fo) = 10 ° 

=. CoS _l (4w) , rti-Q±l , ±-?, -t >*,=± 1 -. Gi=cos'f4)=» Does not exlit. 

>The sowie is true lor other Values ojwi 
. 'rterejw'e HieoaUy 
Mo»h;-ma occur a-t ^-^0° 



felje^ r 


1 t 4irr 


-s'm6 


'] 


= Eoe 5ir.2 co3^(CoS^ - J)) = cosdtsinB^- l)) 

(cUftAr = 'S\n0 Siryz^ - ) At T* ?>«"*, 


a.o) (Eflfe) | ®c ] sme cos(^) 


O-f plame) 



(2=0°, 

<K&\.iT -r<.oCii 

(fl 

jE e (e)| <* | sme co$(|(si« 0-^)\ 


j*=?0° 

Co?(^(sinji- j|| 

C5) 

| E0CJ2)| ot I 


e-1o° 


(4) 

1 ^5* ^ ^ 0° 

od O 

cs; 

,E * C6 > W 

<* o 

co 


Od 0 


fCoh+inuecl ) 
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|E 6 C0)l 






6'3. Method X 

C\. Derive the array factor; 

AF= - e ifc*w» + e -)WoM« = _j 

AF = ^s*ncWcosfl)+i_ 

AF = 2Sin(TTCo5e)tl 

b 2Sm(TTCoS6)= -| 

^olcosS =Sih''C-a) = -57T ~ /3fr j?*- jitt If? 

0 m = cos'( 4) 

6, = '?'?■ 5-?° 

-4? -4 fla.~/4£.44 6 

6 

Method. JL 

UyWforw amuj coith |3* 

a. AF= StV) ^ - Sm -^[>coS6 - ^ ] 

SlV, i S|K) f; [ TT Case - ^ 3 

■b. = CoS [ £jjrj(-(S± ^ ir )l n = i,2. 

= 0* y, * 3 ‘^ 

71=1; cos'T'iJ - T?- 5 ? 6 
v)=2; cos~T~-rH= 146.44° 

6-4. 

(X. AF= 1 + + 1 V-i) + e -j'C^dCoS64 Vi) + . 

=■ | + 2.CoS6'fe4cos6+ ’’■/-i) ^ 

.-. AF= l-2SioC4?e|Cose) 

(Continue ) 
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6'4 CCont'd) 

b. +o find tke nulls', 

AF = |-2Sm«edfose)=d 

-2sm(Mo>se)= I , TTCoSfl = -§■, ^ L ^ L , --- 

cos-o =4- X ii . . 

* » 6 • 6 . 

bvkuu = to. 4*, 33.6° 

6-5. w e= ^ - tibl - £i^ 

** n r 3 y*4 

n=r-|.cftS6 , r l =r--^coie, r 3 =r+#cose. r 4 = r + ^aja 

AF = ajf^n(-^coie) t>Sm(^We)] 

(b) Jet x- fcJfosfi , y ~ ^ Cos© ^ AF = 4jF s,|r) t-fcdCbsd) Cose ^&56) J 
AF (d= *A) =4j Oin(tr<bse) &s(^cose)3 

- 0n= o: f 0 % iso° 

6-6. E* otal= S^fa+e^^ + e'W'**] 

= ^- r fet iCoS(WCos(j/)] 

Cos i|> = alj • a r = sin© sin^ 

So, AF 31 2 + ^CoSC-fedsinssivi^) 

OK 

AF= -2 Fit CbSCfeds<n6>Si'V>JZ)Il 


as 



6*7 Placing One element at -Hie origin an d “the other d distance 

aboi/e it, the array factor is ^uai te> 

AF^)= 1+ ^jiCfelcosfli-p)^ ej&*da>s6fft) ^e^-j^Cfedcose^j 

AF(d) = ae ji( * dftset ^ as(i(*d&s6t^3 

WMcb tn normalised -form Car be. coritten as 


(/\F)y) — CoS [^C MCos& t@)^J 

Ck. £= -fe4 = -x(J ) - ~f . 

J>. For a- *4 . (AF) n = Co^Tf C(oS6 - 1 )] 

C (AFU = 1- Cos ['5 , Cf°s0m" 1)]| ^ 6i« = o 

I v*a* • a 

(A^) n = 0.707 = & S [^C<-oS6 k -1)3 => f = CoS(o.Vo7) 

for +*4 $ CoS ^ h -i.= l^ Cos0K=i4 Sk = Coff^-^ Po^S not exijF 
for-V4 4 &s6h -1= -°= 0h* G*sVoJ = fo“= I radians 

Therefore E)ir - = 2 (x -6) =T r 

aM Ok 25 «§&■* = #« 1.2 73 =1.04?dB 

Computer Program ( U = [* 2 f Cfos8 -40 ] ) 

Do - I 4^451 = 1-5367 dQ 

6-8. a . + i 


b. (AF)„ = COS[^C(OS6-1)] 

(AF)»L lflJf ’= 1= G>s [Jf (rose w + 1)3 =bOm = ieo°= tt r&dians 
CAF)»i = 0 . 7 ® 7 =CttS^f<Mft h+ l)) => 0 k = 50 °= £ radians 
®ir = (BU = iCir-I^TT 
and 

D a ^ 41 = ± = 1.273 = l 649d8 

Cowpu.be r Rt*j ram n&iult . 

U-Cbs*- f-^aosfei-l)] 
r> 6 « I-424BI = I- Bj6'7dJ3» 
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6-9 a. $= -M = - a £(£)s-ir= -i8o° 

b. = = G,s'a-^) = Q>s"(i-^) 

r»=i : 61= a>3''c'/i) = 60° 

to = 2 : 6i = Gas' 1 Co) = ?o° 

: 63 = Cos 'A) - I- 40 * 


n^>2,3, • n44,8,- • • 


c. 6^== cos''(l-wVd) = CosYl- wVV-0=Cbs' l ('l-2»0, 

w>-0 : £o = Cos' 1 Cl) =0° 

'W»l: = 6s'’(-l)= ( 8 o 0 

(8)0 = 120° 

e. Do= 4NC^)=4(4)( Z ^ : -)=6=?05dB 

6-10. <*. 

2 o =■ 10 io^. lo Do (dimensionless) =S> Do (dimensionless) - (o (oO 
J00^4M(^) = N ^ N= lOO 
b. L=f?^)= ?A=24.'75A 

c - •» - ® k ■ wa - '^l:r' ( 1 ■ ^ ) 

= 2 C&S ' ( I - U I 'i 4 } ) = 2 Gas'C I- o. 0 177( ) =-2Gbs'( 0-?82l8) 

100 * J 

@h =2Cl 0.79V - *l.5?r i-2|.g° 

d. Sidelobe CdS) — -I3.&4S 

e. £=±*d =i^(^)=ix =± ?o° 

6-11. choose diftereni phase excitation • That «S 

g=±(fai+ 

0 -± + = ±(s + 0.02?4-) =i(l -^7o7?i + 0 02?4) =±f I C^=±?|.684° 

t. Directi Ui+v Fncrease bjj. |. ( 78 < ? factor - 526 dB 

C. The HPBW Lot II decrease because sidelobe Aeuel U)1H increase . 

0h = 2 (bs'Ci- 0J316A l __ 2 CoS ~1 n -,0.13?8A, =iCoS - ( I - 0J3WA 
Nd J (oo A/4; v too / 

= ^ 60^(1 “0.00^5?i) = ^Co$ , C0-??44) = - 2 . (6-066*) -= U.|3* 

decreased ky ?-47° 

d. Sidelobe. jJeuel toil) increase «. If will be higher jbha.n — |3.5dS 
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6 - 12 . a. d= (^zL)^ = 0.225^ 

^ (S = ^ol+ = an (6.225')+ 0.2?4- = 1.7 077 rad 

C ■ 0n - Cos'Ci + o-^j^-) 

9n =CoS r, Cl+Ci-Jh)^ L g) 

8 , = cos'Co.r,*?) ^ „ Coi'ro.H# = 10 .ij 0 t 

03 * fts-(-w,0 = U3T, &*-(os'(-c.w)~ Ui . r . ■ 

d. Firs* null Beammidth 

6 " = 2^0-^-) =2 cos’d- ic airsTTo) =77-68- 

e. Do = 1-78? r4N-(j^j] * 1-75? O lo-(o.225)]= 16.101 = | 2 . 0 dfidl 5 


6H3. N=-I0, d- *4 


a. Broadside C Table 6.1 and 6 2 ) 

HP6W = 2C?o°- Cos’C ~ 3 — — ) ] = 2C?o°- 7?.80*) =- 20 4 * 

W w = 2 .C?o°- ces 1 ^)] = 2 .C?o 0 - 6 ^- 42 0 ) =47.16° 
FSLBW = 2.C?o‘-Cos"'(-i|)] = 2Cfo*-i3.|3*) = 7S.7<i° 
From f6-/7a.) =$► Relative sidelobe maximum = -13. 4-6 dB 
From Table 6-7 => Do = -2N (£) =2 • lo- 4 =5 = 6-??dB 

Usiwj. "the 


Computer p ro ^Q.m at the. end 0 ^ chapter 2. 


Oo=S.2l =»7/7d6 


(Continued^) 
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6-l3CG»nPd) 

b. Ordinary End-Fire CTables 63and 6-4) = = * Va = ±?o° 

HPBW = -acbs^ri— = 2 (34.^°;- tf.is* 

FN6W =acos'['i-^3 ^ifts~'(;o.6;=: i (53.13; =(o6-^° 

FSLBW = 2 a>S i [. | - ^L>] = *(66 4*) ^ /3^. 84* 

From (6-|7a) ^ Pe|aViue SkteJtobe. maximum - -|3.46dS 

From Table 6-7^ Do = 4 M C-^.) =4 C( 0 ) ^ = |o = lode 

Using the Computer pmgrani af ;the end of Chapter -Z ^ Do = (0-0? = 10.0 *d& 


C. Hansen -Woodward End-Fire. C Tables 6- S avid 6-6) 

@*± ^d+TS-) = i(V-H8°) - 4 108“ 

HPBW =jcos''[|- 1^8^) ] =:iC|?.25) = 38.5 0 
FMBW -2<bS~'(j - J =2> (36-87; = r J2.'7V° 

FSLBW = iGc)S -i _ 2fK , 33 ~ (0 £. 2€ > 

From Figure 6.3 ^ RMatiue sideiobe. maximum ^ -9d8 
Trow Table 6-7^ Po= (•78?[4N(4)] = l-78?(4Xiox4')- |tr - 8< ?“l- l &dB 
Using tee computer program at- d-heend of Chapter 2 D 6 = <8-0.2. -/2. Kdg 

G-14 6AF)y. = ^(btdcaset^)] - Sin rs(jo°S6^)3 

Ns'm riCteteo.s8t-(J)3 lo-'Sinrif 

60 -45' -s>(i=-"kdCas& 6 = (£)Cos4S° = - 1-U07 radians 


k. 


Ck- Using (6-^) ^ 

®h = HPBW = ai'[as45 - 0 443^ ) ] -CoS l [ as ‘ ,5 “ 4 ' 0 4,,3 (M)J 
- C -Worn- 0 4433 ^ 35 ] -£«-<C.. T .7t0.443 X ^i s J 
®b = Cos'CO-Si??) -Cos' ( (o.884j; = 58°-Z7-8$° = do.-i” 

Db=-M^i, U«, = l 

Uo = i r F r .sinrs-K^se- o.yoy;] i \ {n6 ^ 

)0 5- 5 (Cose -0-7o7) J 

iei * = $ Cose -0.707) , d2- = - ^sinflde 

CN ) 

(Continued) 
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6 - 14 - C Conf’d) 


— Uynojf 


u 0 "(y 5 ) =B = 

Si vice -for 0o=?o° 

fcb^N(£) avid for 6o= 0° Do- 4 NCtc) 

We Wujhf expect for 6o=45° the Ual«e »f D 0 to be Somewhere be tween 

^Iffc-o- a " d °‘I« S =K 

A possibility is Do I 2? 3M(^) =3ao)-C^r) , 0 o ^ 7-5 


Computer pro-am : 

Do = S. 3-^1 

6 - 15 . fflFu = s-,»cg(*d^?)J 

M slnff (hdcose-tf ; J 

a. For 0=0 =? (AF)n = S-m(^hdCbsQ) 

NS'tn(±kdCoS&) 

jS.>\ order "fertile Army not to haue any minor iobes, uie cun assume 
that its first nail occurs at 6 = 0 °or 180°. Thus 

(AF)n = Siyi =0 4^*d = ir^d = |i,2^ 

Nsincife*) * N N 

This assures that" there are no minor tobes -formed. 



b. For (^hd the maximum occurs a.t &- (8o° and the army fatimr 
Can be written as CAp)n = sin l*d Ccos6-t-l)d 

M S\nfi* e if fo j 6 + 1 )J 

In order for the array not to heu/e any minor lobes, 

We CaY) assume that the first null is formed at 6=0°. 

Thus M*d(cose + l)| e=o ,^N^=K 4 d 
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6-1 6- fed = m a = 5 

A. A z 
(X. (?> - 0 radians 

b. ^ = - */z. 

C. (5 = r */* 

d. fs -1.36 = -£Jir = -<M3i r 

a. £= -(*+0.147) or -(x +0.157) = 

f. £ = +CI+0.IA7) or + (f +0.157)= = l-7i. 

6"17. N=I1, d=V 4 

(1. ^$ = - fcd CoS 6„ | =“ ^(^)0>S(3o 0 ) ^- = = - 1-3603 

G*=3o* 

d= V 4 

(* = -5>5 = - J.^ 0 3 6ra_d) = -77.?4*° 

4 

b. 6 h = Cb S TcbSflo -0.443 TZT ] ~ C ° S ~' f f 4 443 ~iSd J 

6o=io° Qo= ^° 

= CoS' [6.866 - - G>s'[ 0.866 + °-^iJ 

«= GS~'(».777«) - Cos' , Co.?54^ ) -iS.mf- / '7.3io7 0 - 21-64-Sf 

Q h = 21.5457° 


|3.5 d8 


Compuier Resatt. 

HPBW ^ 23 deyee , 

Do C Directivity ) =■ I 0 |o3cj|g 


1 




6-18 tx - ^n(°>/a) 

a. a= J , Do- 2. to ■ -£ = 5- 6.<?<?dB 

Com putney- Program ■ D 0 = 7 /3ad6 

b. °* = z , Oo- 2 • 1°' 2 ~ l0 ‘ = >° dB 

Computer Program : Do “ \ 0 -oodQ 

c . ol=££ Po — 2- IO-(6 7s) — l5 - (l-76c(B 

■4 ■ 

Compiler Rro^ravn '■ Do “ " 6.24 dg 

d. ol= A, P 0 « a- ICK1) = .20 - 13 odg 

Computer Pr&jrawi ■ Do= (OoudB 
6' 1 9 The recommended, element spacing. is 

d = i + Cosg , ^here 6 is tVie scan an<j\e in decrees 


a . 

b. 


c. 


6o= 30° ± 
d = H- CoS 30° 
6o =45° 

ct = 1+ CoS 45° 

Go = 6o B ^ 

^ = Hr CoS 6 0°" 


= o. 535 f uiaue length 

= T?^7( =0 - 58578 
- ) + oi ~ °-C66 7 Id&uefenjtb . 


Although a nairow element pattern can sometimes accommodate tarter 
spacing, usi«* this rale, ull ensure tUf the am^tor Was onty one nwuitWv, 
P - n ® J Linthp.o uiible »Wioy\ 

OTc U Since the excitation coefficient of each element is identical t 

(6=0, Thus AF= ©W 

Cohere 


'+ +e>^ 


(^o = 0 j For element at oritjih 

= 'fecACo^Y x n i?ol (U' (Xr = ted S((\& C6£^ • pbretewcmt" along X-axi.s 
= 'kdcos^x) = ted dj dr - tedsme o>sj2r $ Fcrelement a|o*g Y-axI.5 
(/>* = = tedflu£r = ted CoS 6 ) Fof element aloviQ 
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6-21. $«o\d-*4 

a. ^ = fedCoSG +£ = 4 &S6 +0 = f-Cosfi 


b. 0 = o° =? ft = jp <M6 # «£»«•« f =* « = * 

0-45 o =» ft = f CbS 45 °=f =» &= 0.444+; 0.8 p6 

AF = ( £ -j )(4 - 044 + -/ 08 ? 6 ) = f-0.8?++y 0.444 )+ ^C-0.444-jl-8?O 

3 elements needed 
c - Q| = ~fli8?6 +j 0.4 44 
a* = - 0.444 -j I -8?6 
di * 1 

6 " 22 . ^%,J=v 4 

a. (/;= fedcosfl ~ ^c ^CbSS+^ = ?CoSfl+^ 

Visible rejion : 0 - 0 ° 4 V»- f + J * ? 

Q = lfio°=* V = 

b. AF* (2-2.K*-Z*)(Z-Z 3 ) 

= Qi + CU.2 + CI3 Z k + 04 ^ -» 4 elemenl required 

C. ft 0 ° = fedftso+p = ?0-CosCio°)t46*-= 133.6 33° = - fl.6?o+j 0-7*4 =*1 
VV = ?6° G>S C?o°; + 45° = 75. 7<?-2°= 0-4456 +j ° ?6?4 = ** 
ft, 0 . = <fo° Cosa/0 # ; + 45 0 = 14 . 21 *° = 0 ? 6?4 +j 0-^S6 = ^3 
S> AF= a + 6?o -^'0.724) CZ-o .2456 jo.? 6 ? 4 X.?- 0 .? 6 p 4 -jo.. 24$0 
= [zV°+44d--j UVVZ +f-A* 7 »-jo. 4 ?l)J Ci ~ o.?6?4 -jo. 2456) 

AF= Z 3 tZH-txSaSO-jl-^o; + ?c-l 7 / 8 +j /. 04 / ) +(04M+jo.tfff) 

St) Q, = +0.704 -fj 0 . 6 JO = I.O 0 Dt 38 L 43. 6i° 

CU = -1-7/8 +J/. 04 I = z.oos-ts 4 - / 48 . 7 S 4 * 

q .3 = - 0525-0 -J |.? 3?0 = a .0088 £-/ 05 J 500 ‘ 

a 4 - 1 
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6"23 .q. y- Release +(i =. 72 B c°$e 


b. 



0 -0°: <p = <p, = 0 47T => 2,= o-SI+jO-fJ 

0~5O*.- if=^= 0-257 ir 4 £*= o.tft +j 0.723 


Q^IOO 0 .- <y=(f/ 3 = -o.aig ^^ 3 = 0-?76 -j'o.ilg 


AF = ^'0-5l-jo.7B)(?-0-6?-jo.7i5X 2 -° +jo-2U > ) 

AF=2-* +■?*-( -/•'I? -j 1 . 45 ; t ZCo-865+js ifs)+ Co. 273. -jo.UJ 
4 elements required 

C. a, = 0.^72 -j 0.?^2 = 1 ^-74 - 22 ° 


a* = 0.865 +J 2.if8 = 2,46 /6?-37° 

a 3 = -I. 78 -j 1-46 =2.46 4a|6>4‘ 

Q4 s |4o° — 1-t-jO 


G~2^. a The excitation Copff icients for a 3- element array are 1, 2.1. 

placinj one element at- the oKjin, One above it , arid the other below it, 

-Hie problem is identical to that of ftbblem 6.1. Thus +he arn^ 
factor^ are identical and e^.ucJ -to 

i. (AFX = i+CoscAdcbse) = -zassY^-ttse) 


C. TVie nulls of the pattern Can be found USin^. either of fheaboi/e. jkrvn r y 
as it was demonstrated in Problem 6 d- • Mstaj either one. 
d = A =P 6* = (os' 1 (nA/id) = Cos'YnA) j «* ±1 > i3 ' ' 

n = tl : 61 = Co?(±l/i) ~ Os' (± 0 . 5 ) ~ 60 * Uo" 

Tl = ± 3 - 03 =C 6 S'V± 3 /j)= CoS~Y±|- 5 )- Does not exist- 

n=±5 : 05 = Cos'’(± 5/i) = CoS 1 (^ 5) = Doesnof exist. The same holds for tn|>/U. 

d- The nvofimaof the pattern On a|sobe found either of the forms. 

Usiraj the results of Pn>blern 6 1 . 
d=A =* 6m = Cbs , ("'*/d) =Cos'(m) , m = 0, ±1, ±*,±3, ■ - ‘ 
tvi-o : 0o = Cos '(o) ■= 

W=*±: 01= G>s'6fcl):= 0°, 1 80 ** 

< ni- i 2 : 0j-= Oss'Vta) = Does not exist. The Some holds for HV3 


loq 



6-25. For a three -element binomial array the array foot or is that glue* In 

Problem 64 a«c| 6\24. Thus in nor maJifeol form itainbe written as 
(AF)n = CosY 6) 

COboSe maximum Oarurs a.t 6=9o*. Jo order not to Face a. StdejCobe , the 
argument of the outer Cbsme ^function at Q=0°orlfib 6 must be e^i iJl or iets 
than Vj. 'FLU'S 

I y Cose l e _ 0<> = i 

s=ieo* 

6“26 The excitation Coefficients of a 4-elewent binomial array are 1, 3,3,1 
or 

a. &i=3 \ n = = 4 ^M -2 

a**i J 

b. (AF)4 =-ELanOs[(^Hji4] , U^foSfi, Usi»£ C6-6 la) and 
Thus 

(AF )4 = Oil CbS(U) + (LCOS (3U) ~3CoS ( ^ CaSQ) + CoS C CoSQ) 
tohlch fan also be written, USln^. (6-66) fcrm= 3 , as 

(AF) 4 = 3a>$ c + 4 g>s 3 ( mi ft S Q) -3cas ( s^ 6 ) ^ 4 &s 3 ( mi cose) 

(AF\= 4cos i (^fbse) 

0 The nul|.s occur when 

(AF)4= 4&S i ( ^Q>s^) = 0 4 tcCoSQh =CoS Yo)= * , n-o, i,a,-- 

or «■= £5±j2*] • • • 

•3 

n = 0 : 6o= 0>s^C±f)- 48.l1j 1318/° 

■n-1 : 6j_= Doe^nof exist. Tt>e Sa/wte bo/c^for . 
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6-27 JiejF 

2 

a. Use Pascal 's trianjle tofnnd excitation Coeff fei<?*ts 
20 . 0—6 -> 03=3 

a, =4 
a a » l 

7 

b. AF= 2 Z. an Co SOfed CoS S) 

YVSO 

= 2 {3 + 4 CoSC &dc©50) + CoSC2^dCoS6) } 

= . r , „ , * Cosa-<toicose)= 2 Cos(ki(osQ) -l 

4 1 1 + 2 aschdcose) + cos'ctd CoS $ ) j 

~ 4 { 1+ CbSC^dCoSQ)} 1 - 16 CoS^tMasQ) 

c. (Jfe,0) = MFI i = -2 S6 CoS* (Uccse) 

U*n M = U(&=* P)-* 5 € 

R( 6 j 0 ) ~ , ^ , 6 . ' ^ = G5S 8 (^&Sfl) 

Un*y 

d. nulls occurs ^heyi a>s0 n )~o 

■fed a>s6rj = 1) TT , n = o.±l, ±2, • • • 

Gn - a>s~'{ Un+1)^ ) ss Q>s' l j fin+i)4‘) 

n^o: Q 0 = Cos' 1 ($) =36.9' 

Yi=-1: 0. = Cos '(-$)= /4.5.(° 

5-28 The excitation Coefficients for <\ -^-element binomial array ar£ /, 3, 3, 1 

on 

a. ai-3, ai^i 

b. Since the elements are placed alorj "the y-oxis 

Cosy = dx • <fr = Oc • ( d* Sind (2>s;*-f dj sine sin£ + <f*CoSG) = si weo>s# 

The cxmxy factor f>r this army is simikr +o that of PhD Mem £.-*6 . The 
(AF )4 - 3 Cos Cosine cos( 3 I^ sinecosjs) = 4 cbs 3 C sine 

C- Thetatal field is obtained usino the patter ^ multi plication rule of 
by multiply! *>^_ -Hie field of a siryle A/x dipole. , as guuen hy 
Lo’rih the army factor aboue.' Thus 

E© C*o;U|) = Egfs.^o x(AFj =jrf^i^ r - S°^^ Cos6) [ 4 Cbs J ( ^ sine 
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6-29. The answers to "this problem are identical to Those of Problem tf.-ifi, 
except that CoST i's eyual to 
CoS Y = Oj • dr = Sine Sin/ 

Therefore Smft CoS0 ih Prob 6.-2S must be replaced by S'lnQStoff 
6-30. A. From (6-6 3), Ai = IO. Ai=5, A3-I e Verified u JifU compter P J r£4>n 

b . Since the array is broadside, the pvocj rescue pno.se t 
hetioeen the elements as Centred by ( £- ( 8 °) (S 2ero (^~°) 

C (AF )C = 2 A an a,s rCMH)jU] , ^ ^ C^A = 1.0.56 , C ^K er h^ 

d - E =aej^ ^i r ps^s^@jJ, flC Ds(fco$e)+5-<w^G,se)+cos(^^)J‘ 
6-31. a. ft’ 01 '*' (6-6i) , Qi^lo, Oi. = i5, 03-6, 64^1 4 Verified with Compiler 


b. Same answer ti-fee Cb) in Problem S~30 


' CDo = 6.467d!33 
At d=2' 


C •<■ 

' AF- 2L. an-Cbsr-^Cn-O^d = J0 + l5Cosau + 6coS4,u -f cos6M 

Vl a l 

(■*" p.= ^cos6 = ^0>56) 
d- Field of Eb at ot-ijin -From (4~6 ao.) 

E e - i T cos^cose)- Cqs(S) ] * 0 „ e <%/* «/ £ jU**#, 

. J atrr L sin6 J J 

Arf^ . .;^ r r 

E« [ g oS Ufa®) ~ 0 707 j |&+ l5cos.2,u+6cbs4/U + os <54 ] 

S/W G 

(<=- ti- ^ Cose ) 

0“32. The. ex-citation Coefficients for a 5-elementr binomial array are 
1>4,6,4,I or Qi = 3,0h-4, Qnd Aj = |, Thus -Hoe array -factor Co* be 
Written usiruj_ f6-6|b) and C6-6IO as 

a - (AF)5 = -£-An CaS[aCn-|)^i] = Qi +AaCo5^U) + A 3 OxS(4ti) 

n=.| 

Usin<i (6-6*1) for m =2 av>d 1^4 , the array factor Can also be corltten 

aS (AF)b - A, + Ai [aco^K - I ] + Gal SCostu - gCastu + 1 ] 

(AF) 5 = 3+4^ttrt* - 1 ) -K8 cos V s Cos'u + 1 ) = &flbs 4 / u = 6Cos 4 (^as6) 

(Continued) 
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6-32 (Cant'd) 

b. Using +he Computer program at *V>e end of Chapter Z. 

D 0 = 3.668 = 5.64d3 

C. T\it nulls of +be pattern are obtained 'from 

(K\r)s - Sa>S + ( 1 ^G>sen)| <J _ A = 8Cos+CWCes8r>)=c 
TTCbSGw = Cbs~*6>) = ±(^L)tt , W=0,l>i,3^4,--- 
6>» = Cos~'[±(- y ?c , )] J nao,(,i,-'- 
n=0 5 6t> = C0S~ , C i a)= 6 oM- 2 jO* 

D=l : 6i=Co S i (±i)= [Vs /lot exist. The Same holds for •*>✓*. 

6-33 ft> = 20dB => RoCvottage Ratio) = |o 4 =IO 

Zc = ^[ao+/io 5 rr) Vi + Oo-Vio^+T )’ /a 3 = 2.3452. 

O- The array factor Can be coKtten aS 

(AF)3=ila« CosC^£»s)40 —fli + (k.Cos(*u) = ai + aiUcbs^-iT 

n=i 

(AF)s = (a, -a^) + iax(bs^= ca.-ao+^aaCosYisLcbse) 

^e-tting CoSjU — and equating, the array factor to the TschebyScheff 

polynomial of order Z , Coe obtain 

+ (2.345i)*= 5? 

TkeMro a.=4S l tr normalitej f a,. =4 W r- OSI& 

CU= 5 5 1 l ai.n = 5-5/5 5-l o 

(*(a.-ou) = -i4 Qi = cu-l = 4.fe) 

k. Thus the array -factor & egual to 

(AF)j = 0.818 + COS(-^ CoS6) = -0./82+2GbS i (^CoS6) 

C- (AF)s= 0.818 + CoS (2iTCoS0n) = 0=£ CosC^Cbsen)= -0-818 

zir C°S6 n - C(&' (-6-818 ) 3 j±M4.885°= ±2.5287 rad . Also (±2.5,28 7 ±-iirn) rad 

U.2|5.||5° = ±3.7S4-rud . Also (± 3.754 ± 2 >rrO rad . 
Therefore & n = Cos'CtimZ) =66-27% l/3.7J° 

0n = CoS" 1 1 +2.fe287-2T T) =|^. £%' 

fiy,=r ^(t£^82l^TT\ c SS. 31° 

7 


( Gvrtiwued ) 
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6-33. CCont’d) 


Bn- Cos"7± 3 -^|4:) = 53 31®, /ac.£<j * 


On = foS 7 +3.754-4*:} = 113.73° 
air 

dvi = G>s'C -3.7S* + 2K ) = 66 .27° 

T1 r -2 IT 7 

Ihenejbre nulls occur at 

0*= 53.31°, 66.27°, 113.73°, avtdl I2£.<<f° 


d. Tbe maxinockof the pattern are obtained as'inc^ 

(AFk) - 1.818 “ o. 8[8 + CbSteTrase*) => ( 2 >s(^cose»,) = l 

>iax 

27 T CoS 6m = CoS 'CD = 0°±36o°»n or 0 ± 2 it vn radians 

Thus 0m = Coi’f^r) = 30° 

Bm = Cbs , (^)=CoS , Cl)=0° 

Sn, = CoS* i~sg)= 0 jS*(-») - 100° 


There exist two more moxima, and one occurs between 53.31° 
and 66.27° and the other between 113 73° and (•26.61° 

Alternaie methods Can be used .tnf ind them . One method coil) be 
■fo tafee derivative of (AF)a and equate it Aojero. "This allocas you 
to "find the extrema (minima QmJ maxima). If the value- of 'the 
Second derivative at these points is positive, they are minima 
if it is negative the}» are maxima. Thus 

d<:AF - =-3in(4irG>s6m)C-^sin6vn)=o^sin6m-0, &nC2ir&50m)=o 

s in6m- 0 ^Bm = °*> I8° D They are maxima (fvfcw above) . 

^nUuQs 6 m)=o^^Gbs 6 m=Sm 70 ) = ±wir,m-o^A, • - • 

m =o ; GssBm = 0 => 6m = Cos'Yo) = 9&° C Maxi mum) 

1*1=1; 2irCbs6m = ±^ 6 m=Cbs"'(±t)^ 60 ',U 0 o Ctbvim(K 3 
n ~z ; 2ir CosGm = i2K ^ 6«, = Cos' (±i) - °°> 1 8o” t Maxi mo.) 
Therefore "the vnaxiroa o^ur a t 6 = 0°> 6o°) 9o j l^o °, &fld (fio° 


t *e nulls! 


Note: "This procedure did not yield oy\y nulls because 

at points (see graph flex* p ocjO cohere the Cvnoo+h Curv 
“truncaded and where, there dfl? je^o CYoss'ltt^S* 

C Continued) 


Occur 

uas 
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6-33 CCoYii’d) 

An alternate method will be to use the pitoetlure which uios uted to 
tabulate the data of Table. 6-8. Since this is a 3- element array,, 
its array factor is egual to a Tscbeby-Scheff polynomial op order Z , 
and it is shown Sketched here . 

The nulls occur at 
£= ± \/fZ. ~ ±0. 7o7. Thus 
Using -the relation op ( 6- 72 ) 

-§= = ccscjul ) = <bs(£ctcose ) 

FbroUx, 2 = ± l/Vz, 

and £o=-e-3452. 

CoS (Tress©) = ± — — =40.30|5 

2 . 3455 Vi 

TTC&S6 = <jof'C* 0.30(5) = f ±7-*. 45° = ± M645 rad -4 6 = Cos'C* 1 =66-17’ 

\ Also 6=113.75° n 

±107. 55° = ± 1.877 rad =*0= CoS^U ‘^ 77 ~ ) = 5331° 

Also 6= H6.6V 

The maxima op the pattern occur at?=o, i=±Zo~ ±.*.34 5 . 5 . 

For £-o\ 

CoS(n*Co56) = 0 ^ H’Cose = C<^( 0 ) = ±(^±L)7T > y VM = 0 , 1 , i ^ •* • 
m=0 : TTCOSS = ±x ^ 0 = Cos" , (±i) = 6o°, Uo* 

■m=l. : tCo50 = ± ^ ^0 = ^ Poes hot exist. 

The same holds for i«>^ . 

For ?=±-?.J45£ = ±2 o: 

C6SCTTCos6)= #- =±1 =7 TTGose =■ Cos 1 (±J)= ±iwtt , vn=o, 1,2,- ■ ■ 

To 

*1 = 0 ; TTCoS0=o 0= G>s~'(o)- 50° 

*1 = 1 ; 7TCOS0 = ±ir=*6=&S~ , (±l)-0 o , 180- 
>\~2 : IT Cose = ±^r=^ 0 -£bs" 1 (±2) =? Poes not exist • 

The Same holds for *t^3. 

Thus the Same answers are obtained as with t-he previous 
'method , 



no 




£"34. The procedure jbr this problem Is identically the 'Same as that 
of Problem 6. 33 except that the side lobe ledel -for this one 
fs -4odB instead of -*€ dB 

a (AF) 3 = 21 a«t CoS fa ("-OxO = a, + CUCb5au) = fa, -ajO+^OiCoS 4 ^ 
Ro= 4odB =t Rof voltage ratio) = |oo 
2o = 2 f f loo + loo*— | ) fx + C loo - loo*-- i ) 4 J = T. 1063 
Thus 

fa,-a,) + ^cb.Cbs' i /t(- tot -a±.) + -20L. (-%;) = 2z x -\ =■ T if?) 
:2< k('£/=-22*’ =* Oi = (7./0 63) J -= 50.5 

ai-aj. = -i ^ aj.= £*• = (7.I063)- 1 - 

^ a.= ~i +cu = 4?. 5 

q _ .q c _ fli*, =. ^'/qj. — 4^-5/ 50-5 ~ 0-T802 

ai= 50.5 ^ Mrmalieed dan = CU/da = 50.5/50.5 = '-OOoo 

b. (AFU = am + a ^ CoSfcU) = 0 .?B02 + Cosf ^ CoS6 ) 
or (AF )3 = cam -a») +-4fJu n cos 1 ^ = -o.oi?8 + 2003 */ ^ cose) 

C. For d=3V4 t0°< 64 180°) 

(AF) 3 = O.?eo^. + Cos[^icos6vv]= 0?802 + Co5(^Cos6 n ) = 0 

f c«6n = Cbi’(-o.%»)* f*i*src««a~*) 

\±l?l. 4i°C±3340'?rud) 


Therefbre 0 n = cos' 1 (+ ±<j±4> _n .) =z 5|. 36 * |as.64‘ 
Qn = Cosf(± *<3-34oT) j = 44.85°, 135-15' 


-2Ro 4 


, f = I + 0 636 { -Rt [/teVRo) 4 -^] 1 


_ 

l+f^-.)f^) 

f= 1 + 0.636 Cosb[y(Cosh''floo)J 1 --rr j -J J =“ I 3-23 

P» = ^C 100 )* - = 3.4 = 5 -3^dB 

1+ ftoo*-l)+ l-3-23f-y-) 

Uslnj the Computer program qjt the end of Chapter^?, Do ~3.76 - 5.Y5dB 

HPBW = j [cos6o - o. 443^ )]- cos' [fose 6 - 0.443(^) ]} f I 

I So ~ T° 

= jcos’[o-0.443('| ; )J-Cos"fo-0.443(:f)]) 1-323 =30.05° 

(Continued^ 
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6-34 CConi'd) 

The excitation Coefficients can also be found usin^ C6-77b) or 
M ‘H 

u ,a M-1 

Thus L u 

Ql = Jl C~I>T ^7.1063)^ -3 C & 2 = "-2+ C7/oC 3) a = 47.5 

-2<£-0' Cf-l)!(i-p! 


£-35 


= £ C-l (TtOtef W C 3 " )/z = (7./C 63) x = SOS 


a. 


(AF) 4 =ZlQviCosr un-otG 

= Qi CoSCi •+ (U CoS 3X4 = (a, -30U.) CoSXl + 4a*.Co,sV 

Ro - 40dB 3 R 0 = 1 00 

2o = Osli[ sCosliVioo)T = 3-0075 
Therefore , 

f AF)4 = fe,-3a a ) Je +4Qx (-| ) - -J« +4£ 5 = Tj(2j 

4Q*. 

(S.oofsy - 4 =* a, = 27. J57 v a, a j.668 


ar3(a^^ 


( 3 00<)$ ) 


= ~3 * Qi = 72.7^2 


V U| - <-c 
/ a* = 1 


b. AF = 2 -668 COS Cl + CcS3,U , M 


- v4 


A 


cose 


d= 3A. 
4 , 


u~ fir Cose 


AF = 2-668c«Sl£+ CoS 3 M. - 2-668 CoS « ~3Cosu -t 4&S \\ 

- -0.332 CoS U +4- CcS 3 U = CoS(f r CoSfi)[-o.3g2-t4Co^ i (| ir foS63^ 

= c«$(fr«*e) [ i.6«8+2c#sC4^c»je)] 

r 2.S57/ 

CoS ( ^(0 -SByJ = 0 or 3£c°J& n = CoS (-C-834-) = ( J72 £/ 

6„= CoS"'(f-3ff)= 48.1?' °. 

^ n . o Computer (?^S b . 

w l DVe i,, 

Q n = Cos'' [^(3-7^1)] = 37.7467' 0o=6.85fdl3 

Computer. Pmyawi •. Q,= 12 - 0**27 *1*7 '♦Nenn*li>e<t A**l, &>*3.(6t 
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6-36 ^) 5 Gn Cos[i(n-l)u] = a, CoS(j 2 st|) + aiCoS( 2 a) + CUGbS(fUO 

3 Q> + CuOcosx(-i) + Q3C8(bs + u-8G>s m-'-O 
= O Gi - & ) CoS A U -+(8 CoS*U ) CU + (ai-Gi-fOi) 


Ro^lO , 2 0 = CosR(^-CostT'Oo)) = 1.2933 x l4fe) = fi^ + -82 i + | 
••• ^a a -ea 3 )(^) 2 ' +8a3C-fj 4 +Ca,-a J i-G 3 ) = -82N- 8* 4 + 
^-^- 4 = 82 4 , -* a 3 = 2.7775 

3* Oft* -8 (2. 7776 >3 _ p,i 

■ = ~82 -* 0U= 4.4??^ 

Ci. Vf33^ 


G, -a*-t-a 3 =1 q 1 = 2.7023 
a. G3 = l, Gi- 1-608 S" ,01=0.966 


b. array fWbor • 

(AF)= 0.766 + 1.6085 Co S(-2U) -t CoS'^ 4u) 

u- ^cose 

C ■ <* = 3 £ , u= 

0 = o.?66 + 1-6685 UC6S 4 u - 1 ) + 8 Cbs - 8 CcS^U + 1 
= 0&S 4 U -4..783Coj? a q + 0 3575 
■'• Cos(^CcSQ) = ±0.7/43562026, ±047572265/5 

-•• CoS (£)„) = |f fosWfiS^oag ) 

0n = JO. 77 

(os( 9 n) - ^ Cos ‘(±0.275722^73; 

0 n- 5737 ^ i 7 .^ 2 j° 

/Vu// c/ejre-e 

Q» *37-1^31 $737] 70.77° 

Computer Result: 01 = 2.702, a* ^4. 5 , 33 = 2.7. 
Af-ttr /VorTMaljeJ : 3 | = 1, <** = |. 60^ , G* = 1.0 • 
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6-37. (AF) 6 - CoS [(iit-oul = Q| CoS U + Qi CoS 3U + <13 0>S 5U. 

Yl —I 4 


f?o^ = -20 =^oio^ 10 (Ro) •• &>=l° 

Zo= coshC^Cos^ H Oo)) = l- 2 ? 33 . 


(AF)«= Qi CoS U. + CUQ^CoS^U -3CoS;U) + Q3 (16 CoS 5 U --PoCoS^U + 5ft>Su) 

- 0 U(i 6 )c°s 5 u + (4Ch--2oajs) c 0 s i m ■+ Ca« -ia 2 + 5aj)Cosu 

= \ii 5 -aoH 3 + 52- 

Q3 C (6 ) 


Cli?33) 1 


= l£ •> a 3-3.618 


4CU ZCtCi.S 18)__ ?n -*a z - 7275 

Cl.*13 3)* 

ai - 3 ( 7 - 275 ) > + 5 ( 3 . 618 ) _ ^ ^ a. = 1 0. 4015 
C i-*?33) 


a. a t = 2 . 8 i?cs, ai= 2 . on, q a =i 


b (af) 6 = zei?65-cos^;+ 2.011 -cos0io+ cos(5u; 

C. Mull point, U-^CosQ 

(f\f) 6 = -?8l?6S(CoSll) + -2-OII (4CoS 3 U-3CoSu.)+ (6 CoS u — -ioCoS U +5C0SU. 
= 16 CoS 5 W - l|.?£6 CoS J u + 1-7 B£6S CoSM. .= O . 

Cos U = 0, -t 0.7353555305, ± 0.454445177^ . 

CoS(^^6) = 0, 6n = CoS r'(^^) = 4S./7° 

Co$ ( ^QS6) - + 0. 73S3SS33 , 0 „ = ?/• 57 0 
CoS(M &s 6 ) = ±0.45442517$, $**£2./?°, 2j.il)' 

/j lull deoree . 

J 6*-n°, 48-/?° 7 / 5 ? c 



6-38 R 0 = 4-0 dB ^ Ro (Vottu^G- ftx'fcio) = loo 

= a*ttsrc«- 0 ^ , >u= x s ‘ n6ffi)S: ^ - df <s\n& Cospf 
= d| Cosu t aa CoS 3M ~ fa t -ja*) CoSXl +• 4cu CoS*M 
Zc ~ CosK Cosh - ' (too)] = 3.0O?5 
Therefore 

CAF)4-f«i-30 J )t + 4a,(fj^ ^-4 

0i= = (3.00?5) 3 = 57-5573, ai = -34>+30u = 7* 7434 

Iw no^wa'ijed jbrm OUn = dy fll - 1-00 . “ 5-5688 

(AF>4 = 2-6666 Ce>$(%s'iY\6 Cc&fi) + CosC ^ sine 

= i ) ? [ j M8B CoS(^-sir)6Cos/zf) -V Cos (•^Fsi«efojpr_)J 

“ R = d«-0 , -■« oci‘ to ->•«* 

^=1- i- 0-6J6 j ^ Coslr, [^(&SkYfc)/--lT\] ] 

= 1 + 0-636 j[^ Co ^ ( 5 -^ 83 ) -r 3 - ] } =>- 3:23 

D 0 = _ *Cloo)*a65) =5.49=3.9543. Dfc f&wpu^r) -3. 2 - 5.0 54B 

l + f|00*-Ol3i3(_ll 'I ' 

3M' 


-b. 0= T /k (y-yplcwie) 

ErQ ( kokxl ) | = 0 ) ["-5 6688 CbS(?fCbSfS) + (oS(^p Gs/s)] = ^ H- 566. 4-S 

3 -de 

HPBW= 3 C 3 G- 54 . 45 )= 7 i-l s 


£> = (y-£ plavie ) 

£ 6 a°Ui) | , 3 .fese f <M6) 1 . 3^8 

3-48 Sin6 


=t> 6 =; 5 o- 8 ° 


HPBW = - 2 ( 90 -S 0 . 8 ) = 75 ’. 4 '“ (o^clo (s the SWe as that of a 

yYz dipole . 
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0-39. The answers for "this are identically the same as those of 
Problem 6-38 except that the sine cosfl factor is replaced by 
the sing sin# factor- Also the HPBW in the x-Zp)ane of this problem 
is the Same as that of the y-z plane of prt>b 6-% 

6-40. (AF)5 = i-Qn GosC^t^-Oul ^ a.-t- aiCosC2u) + GucosC4u) 

= ai + ou D costi - 1 ) + a 3 (8coS 4 u -g cos-^u 1 1 ) 

01. Ro=-40dB =* Rt> 6 Voltage ratio) =100 

z. - t{Doo+ iii^ i *+ fioo -Tn^rJ 4 ) = 2 0,3248 

feting Cosu=*4?° 

(AF ) 3 = (a, -a* +a 3 ) + tea. -&a 3 )ccs*u 1 8a 3 Cos 4 a 

= Ca,-a i +aj)+t2a i -fia5)(:^) + gaj (^) 4 = i-esN-S* 4 

Fjuctin^ a|ifce terms fields Q 3 = 16 -te? , aa=4?-5oS , &i = 34.07# 
or in normalised form 0 $yi= a ^s = l o, tf Jn = a ^ i = 3t)|3 ; , a ( , = Qy&j=2<# 

b (AF)s = 2.07# t 3.0l3CoS(^Sin60^0+GbS(Trsin60bS/f) ; U = ^6»»flflBSjgfJ 

A- 

c. f = 1+0.636 |\j (dash* 1 loo) t Tf ^ ] [ = li-fl.636fe03S.64)] * 1-3-13 

r% _ ^ Ro^ aOoo)* 1 - , 

U = = = 1-88? - -2 7ddB 

1+ (R^OfClfer) 'tCloo^-l) I 3Z3 

Do Ccompuier program ) — l-t'fS =3-OldB 
al the end of chapter 2. 

d. HPBW = f { Cos'Uost.- 0-443-j^) -6s n te°se t +o.443-j$^) 

= 1. 323 1 cosT'o.443 c )] - c ° s 1 r &443 ( ri ) ] ) - ca < ■ 5/ j °) 

HPBW = 54-? 0 
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6-41. a. N=2M+1 =9 ^M=4, Ro = 30clB^R>fvo(fejeRaf«o) = lo lS =3l.6<S'i 

3> = ^{[3l • 662 +J( 3 1.66A) X -J ] </8 -t- f31 66i -pl-Seif - I ] ) 

= 1-679.244 •+ 0.S9£50<5 = 1-137575 

• (AF^ = ^ <3*1 CoSU(n-l) u] =Q| + GU CoSC-zcO +a36>5(4;U.) + 04 ft>SC 6 /U) 

•+Q5- C0S(8>L) 

= 0 1 + Ou. C-2CosXi -\ ) + Q 3 (6 CosV - 8 Co s )4 1 ) + 04 C 3-2 Co s' *U -48 (is s\ 7 8 CoS U - 1 ) 
+ 05 (|-i«CbS®4t --2S6 Costa + I60 0°S 4 Ai ~32Cbsiu + l) 


(AF)ij = (Qi-Ci. 1 -t-03-<jO+Q3) + (2Gi 1 -8CLi + (864-3-205 )o>s^u + <3B03-4804 + <6o6s )0>S la 

Y3264 -.2.56Q5) -+■ (UfiOs) (oS 8 ^ 

2/? 0 =:ft>su and e^uatin^. (4F)<} ~Te(^) = l ~3 2 ? ^ 4 -^s6? 4 1^8 £ 

lads, to Qs - io = C l\3737)*= 2 8004 
--S0- 3^Q4-2B6as -^ Q 4 =^^6? e 6 t ^06b)/32 = 5-085 

(6o = ea 3 -4804+16005 403= n60 4 4 +4804-(6oa5 )/8 3 

io+ 

-32 = 204-803+1804-3205 4 0, = ^-52^ SOU -iSaA+S^Qg)/? = I O. -22 6 

& 1 


| = 0 l \ ”^i+Q3^04-ffls- ^ ^« = l+CU*”#3 +£4 “Or ~ 5* 540 


TW 6(= 5-540^-201= 11-080 lIn /vJormoXi>e4 am = a,/as = if/e^a ^3-?*6 

a - = 1 a ■>■>/■ r 2 _ . . 


a .2 = io.i20 
Q 3 = 7 ?7D 

04 = 5085- 
Os- - ^.6004 


(Tsrw) 

=*■ 


Ozvi — ®V^l5 = 3.65 ■*. 

034 = Os/As ■ 2-8 46 
64*1 - (M/a<s - (-815 
Os* = 65/05 = (o 


C. j = K 0-63* fj^ 0>sii ] -1 + 0-636^^537?)] 44 

D« = -21 *y { I +0%,*-H) f (cfe)l = * (31.663.)*/ { 1 4 (3166* X -I) l-H4#y) J - 


= 7 g4<( = 8.?45dB 

0. HPPW = f | CBS-CtoSfit- 0-443 £j) ' ' ^(05500+0.443 ) ) 6o= 9o « 

= I- 144 (Cos^-0 443^ )- 0>s Yo.442 4^) }= 1-144 C 95.6b- - 84- 3*) 


HP&W - 1-144 C II- 30) - ia-?3° 



6-42 2n+i = 3, n = i 

a. (AF)^ + ~ ciw cos [acn-i )u] =Za M Cos ^00-0^1 = an- cucos^u) 

- ai + cucosc-iu) = cxi + aiTiCos^u -i 3 = (a, -a*) +^ai.cos A x( 
(AF) aNJH = (a,-a.i) + 2ou(os a M 

R#(dB) = 2G = 2oJto^ 10 [ Ro (dimensionless)] , l- 5 = i 0 R» 

Ro = lo‘- 3 = 20 , 

3-0 = TK^o) - 2i 0 a -l , = s\ , ?**= (0.5 , <?» = 3.-2^ 

cosw = Z/z* 

^AF) JNi ., = Ca l -a J .)+2Q l cos‘- u = Tic*) = -2£ A -1 
ca, - <ii) + -20 a ( */n 0 ) *= 2?*- i , ^ = 2 a 4 =(?.*■; = (i = 10.5 

(a.-<u)=-|, a, = 10.5-I = ?-5 , a,= ? s 4 > -20, = /? 

Qm= 0-?0? 4 -2aui= 1-81 , Aw = 1-0/ Aw, = 1.0 


a* 2ai a* 


10-5 

19 

10 . 5 

1.0 

«■ 81 

1.0 

. 0.55? 

1 

0.55 3 


t 


( A ^ N +I = (AF) 3 -2—. a* Cosr^n-Dxx] = -t CUCoSfeU) 

(f\F) 3 = 0.905 + Cost- 2U}= 0.905+ CoS [ -^dCose] 

- O.fo5 + CoS [ -^dcose] 

= 0-5 + 0.55s CoS (-^dCoiej 


(Continued) 




6-42 CCont 'd) 

C. (7 \¥h - 0.?o5 + CoS ( Co50 n ) |j _ x 

cos [ x X - C 0 S(FT C 0 S 6 m ) =-0.?05 

TTCoSfin = Cos~'(-0.?05)= ( or±Z. 7oirad 

l ±5o5.|'7(5 e or i 3.581 rad 

01 = CbS (± ^J 04 ) = CoS *(± 0-86007) = SC. 67S° /#■?■ 3/rf 0 
61 = Cos (i j s&j j= Cos ' 1 ( 1 IS ^ 86) ~ does not- exist. 

6 =30.675°, /*7.S/d° 

d. fAFh = 0.70s +Cbs(-^da>se m ^^ 0.705+ cesfjrftse^) = /-?o5 

Cos CITCoS 6 m) = 1^ 7T Co S6m = a S~'C1) = ittin - , W 1 =^ 0 , ±1, ± 2 , ± 3 , •• 
CoSftrt, =i) = Coffeni) 

* =0 ; 6* = Cos'* Co; = 9o° J 6= ?°°. 

e. Ro = 20 , f = i + o- 636 I Cosh - jt* ] J 

Cos^'CRi.)= l*»r&±.(&*-O y *]=4n Oo± C4oo~0 ya -J = 3.6S8^5 
f= I +0.636 j ~Cosh(j3~7SJt)}*= l-t6.636[jr c °3h(l?32JSj]*' 

$= 1 +0-07? = 1077 

Gn -CosT^-)] ■ 2 [ f-aifc*oJ 

6 « = ^ fx ~/-27/] - 0.5?76' r a d = 34.35^5 ° 

6n - ®hf = J4.3545 fl C/-075>;= 37.068° 

f. D & — - ?!?»_ = ^JL£8i2 — =2.7776 

1 +cft^ofti^r; i + (-*>*- 0 1077 rfe 
Oo= -7. 7776 = 4. 436 o(B 
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6 - 43 . a. Do = ^N(i) 

D 0 = 33dB - CdiwenSiowless) 

^•3 ~ (dimensionless) 

[^(dimensionless)- I0 3- ^ ^ 1,995.-26 
l995.26^M(x)=2A|(j^)= Y=> N = I5,9<52.| cr 15,962. 
Nl = 15,962 

b. L = CN -l)d = Cl 5.962- U-fr - =■ 397. 56 A 

L- W 56 A 


ffl h ~ Z [ i ) ] = -2 [SO*- «'( n 


T\f b&l Ct6)A 


IT C 1 5,96-t) A 


)] 


®h 2 [90° - 89.3745°] = 0.05086°= 0.05086“ 


ol. -13.46 - -!3.5dB 

6-/|4. a. 30dB = 2ofio<p o &<:VR) , 

Ro(VR)= I0*' 5 = 31-6^3 , 


Cosk"'(3i.64i) sinf3i.6ia+ J (SI-613 )*- 1 J 
= 4- 147 


f = 1 + 0.636 f^7 3 Osh TT A J } 

= 19 «.63< j jji- Cosh fc.Wj j* = 1 3 0.636 


= 1 + 0.636 C 0.2Z6) - It 0. 144 = I- 144 
f = 1. 144 

= |.|44 (0.0586)= 0.067° 

©d - 101 5 - <°i3 - 0 o5o87 - 0-0509 

D„ l,<?9S46* 

CH) K = 1.144 60.0509) = 0.0582. 

t. d. = _^ =_!«L£i«i 5 . 

22 [«,. 62 S 2*-0 M44^^ ;a 

= 2 631.6^3)°' _ 931.95 -^7. 694 ds 

1 + 1-146 


D 0 = 731.78 = dB 
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6-45. a. Number of Elements =- Number of Complete minor tober +2. 

=4+2=6 


b Excitation Coefficients CX« . . 2 M =6 -> M — 3 > P= 6 1 = 5 


-4odB sidelobe Aeuej : =£ RoCd8) = 40=-2o4oj. l6 RoG/R)-=^Povit- 10 =loo 
Zo = 2. [ 0 Rovr. + V Roi/I? “1 ) P + ( RovR “ VRour ) P ] 

= 2 ; [(loo + -fwo x ~l ) /s + c 106 — ViooM ) /5 J 

=■ CoS b [ p- Cos-b '(poVR )_] = Cosli r% CosVi '(loo)] ~ 1-61 5^ 


a* = J: (- ( ) M £ Z.)* (jf+M-.3)/ (2M-I) 

£=n fg-n) / c^ + n-D/CM-f-) ! 

n=i ; a, = jr c-o~t rzof 8 " 1 <: £' f3 -z)j i-zoi -i) 

<£-<>! C£ + l 


= CO 2 


* a ’ - ^- i- (->)' ^Q 3 6 


6 ) I.U* 


+ C -0 2 < 


4./ f 


U it l! 


a] 3/ O' 


~ 8.0796 - 63.7? -Hlo. 172 = 54.95 


n = z; Qz=£h^^)^ 1 %+3-zJ/HW-Q 

(£-*)! (f +!->)! C3-p! 

= C-l) 1 g 0 3 3/ ^ + C-|)° ?a 5 * 7 * - ~2 1. 097+55.055 =33. ?6?{ 

0/3/ 0/ l/4/o/ 

n-3 ; 03 <hj»+ = f-,)"«. 5 3l5_ , „ . 

1=3 <£ -i)/ (jf.i-3-1)/ (3-$ )f a ! s ! Of 


a, = 54-T6 
a* =33.<?8?l 

&i = 1 1 .01 7-2. 


^ Normal/jed 


a, = 4 Tfi &6 

0.x = 3.085| 

a* = I 


c. d = -^Cos' , (-i:) = #C4s- , (-7- i ! ^)= 0.7/24 \ 

d. ( AF)n = a, CoS OUjt- OlCoS( 3U)+ Qi CoS (.&A) > 

M- ~ GbsQ = 7f (±2-L?L- ') CcSB - 0.7 .TT CoSB 

U= 2 . mi CoS© 
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6^5 .(Cant d ) _ 4 ^.gg Cosca) t 3 085 CoSC3u) + CoS C5U) 

wUre U= ^Cos(e) 


^3 ^ d Mo , .< £ CoS^) 


•for the Condition cahich all the minor to be of -the same ^e<je&. 

The dma> =0.7(23? A. is obtained by USM<j the aboue equation . But 
0 fle problem occurs cohen CU£ ui&yik to use that spacing. The radiation 

putternof tile array factor shocos that another half minor lobes 
existed in the Jero degree Dh^n d — o. '7/23? A. . -In order fco meet the 

Specification that exactly four minor lobes are expected in the fey on 

^?0°) , the Maximum spacing need to b* modified under this 

condition . After some trying, the maximum eliyhle- 5 p aCl ^ f or ^ e 
specification is 0.7 A., Tus, ieic d= 0.7 A in this desijn . 

The radiation FUitern is drauon in runje bettoeer Odg and-7od& m Pig,*P6~4?. 
Array Factor Power Pattern of a 6-element Broadside 
Doplh-Tschebycheff Array Antenna 

0 



180 

F i j.F 6 ~ 4b FOUR SIDE LOBES ALL AT -40 dB LEVEL 
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6-46 


a. Tscbebj/Scheff 

b. 30 = lolo^io CRovr) ^ R°vfl ~ 10 — 31.623 

=i[CRo+ ^R 0 i -i ) vp -+ ( Ro~ V R« A -i j' /p ] 

= i[(3l.€25 + VC3l-6W)M )‘ /i+ (31.623- Vfcl-623)*- l ] 

= i[(3l.<S23 +31.607) + (31. 623 -3l.6o?)'*] 

4 = i [ 7.952 t 0 . 1265 ] = 4.039 
2M+l=3 4 M = 1 , M+l=2 

»■ ( z tHilb r * 

2 a -I > I c I ■ + 1 - 2 ) * ( 1 H ■ +1 > { a (a- 1 )/ a + i so/o-ito/ 

= (-|)(l)_L_£_ + (l)(4.03?) i J_^ 

2 ci)ci> 2coco(i; 

(Ai = - 1 + (6.314 = 15.314 

a* = c-n l ~^V4.03?) ^~ ,:> c*+i-»! 2! 

2 ( 2 - 2 )/ (2+2-2)/ 0-2+0/ 

a i = (O(4.03?) i __Lil£i2_ = ,6.3(4 /Z= 8.157 
2 0 ) 62 ) 0 ) 

C. ^ = | + 0.636 ^ — — C6sK[ ((oS^ l 3l.623 y )*-ir i J ^ 


<-31.(23 

=- 1 +0.636 J_J5: 

L 3|.623 


) A - IT 1 - 


O l+0 -«M3^ a + ( * W7 ->f =l1 - 0 - 63lS (it65 7SJ$ f 

f= 044 

HPBW = (B>h= Cbs’ 1 L C °S6 0 - 0.443 - Cos" 1 [coSfio +0-443-^— | 

L+c( 

- Cos' 1 [-0.443 —.'J - CoS 1 Co. 443^^-] = 126 . 20 °- S 3 . 8 * 
Qh =75-4° 4 

ShCTse) - 72-4 (1-144) =92.9256 


a = 


_ 2(l,0oo) 


1 + (799; (.(44-4 
3 


= (-312 = l.l??3d& 
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6 - 47 . 


Qn = 1 -*■ CoS 

2 a ( = 1 -V CoS ( = 1 t CoS(o ) - 2 a, = 1 

0,= li ■e. S (%).l + C'S($)* l .7c ? 

a > = 1 + **(-&) *' L/4 


X S = C/i 


Qi = 1 

0.3. = l. 7 o 7 

0.3 = 1 


6-48 Tine Gevijth of -the. amxy is obtained usi^ an iterative. 

procure of CS-^l) or its soU-um of Fijuv^e ^-U 

6 h = a-? Ceos e „- psf) - as'(cos 6 .+ 

Qo = 30 ° USin^ p^oce^ione. 

if?*" - -ostesf + 

Nid- x = 3IM5 , N^d = 3lfi.^ , M = (L+d)/ol 

•• (L+ol)fc=3ie.?5 , L + d = 50.76A L=feo.7^A-ciJ 

ftor* F<<j_ 6-ll^ L-^ o( - £o A- «'- L=(6fcA— A) 

b. Q 0 — 4-5° ^ us'in^. itcmtii/f j>v»cedwire 
Nfd=x= 335.46, l+ d = 35.88?" L= CSS-88X -A) 

Frotn |=£ <?.|| , Ltd-S5\ :. L=C35A-ci) 

C. 9o = 60° usm^r itertcKde procedure 
Nfcd = 2 » 154.07 < Li-d-3M^6A , L- *?■ *?J:6* - d 
From L+d = 3oA, L=63 oA-c() 



649- 6 o- 60 °, p 0 ~ Yo°, d*=c^=;\, O4-0$18O°, a°$V£ 36 o° 

We need to find 0 and 0 coh/cln ano-ie Saiisty both (6-4 ?"0 
and ( 6 - 4 - U ) ,' e J 

Sind c«Sj2f - s\nbo Co$0 o = ± ^ = ±m d* =x) 
sine sin/5 - SinSo S\np 0 = ± n* = ±Y] (<rd y =A.) 

S'm6 0>Sj5 = im ; rn="l»°> i 

sine sin^ - = ±n j n = o, 1 
In cose of 

n=0 p vn=-l ySmeCoS^ = -l : -> &=^c' > and 0=l8o a 
'sin e sin0 = f : sin V- stn 1 8 o° ^ ^ 

- m=o: ^ sine cos0 = o •. <i) 0=o" or G = ifio° or >2f=?o 0 » r ^=270° 

S .® g ^ g , 3 , 4 , «=&W 

- m*+l: AS'me Cos^=l : (D^(6=?o°ondpro°) or (e=7o°and 0*Z6o*) 

'‘Sine sin# = 'J : (2) <2> J <0 (3) £ <g) 


In Case of 


n=-i 

c ~ ^ 


( 


sinoosjtf r -1 ;£> 
Si«0Sin/ = 


( ©=“? o ° and p =\%0°) 


h Tn ^ 0 


L Yn=+1 


Sine Co^ = 0 : CD 0^0° or 6-ieo° ot ^o 0 on p- 27 o° 

5inesin0=$-r.@,(D^ , Q=-7.6?V-w*r ^ 

0=<0 6=7 if ?!'7* W 0 

_ - <£> 
SineCoS^ = +l .’( 4 ) (Q^yanJ/^oV or( 6 -?O ft and jZ^36o 6 J 

sine si 40 = ^ -l .d) @ 63) 


Ajain, we 'found the an^e. of ojrectimj iobe 


n = 0, m= 0 f At, jZ=?o 


< u - uu 
0 = 1-20 

0-270* y 0 - Q4O 

300 


0 = 6o ° -> Major jSobe 


Qratinj £ oi>e 


^ . Wi/oexij-t in physic J? 

C Continued; 
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&50. d*=dj-V8, M=lo, N = 8, Qo = (0°, 00 = 90° 

Q. $ x = - kdx 3(n6o CoS^ = - ^ A sinOo°; CoSC?o°j = 0 

^ = -Uy S'mQo Sim^ 0 = - ^ |:5ir)(| 0 »J s', n (9o°;= -0.1364 rad = -78l° 

b. Do = !TGs6o Dr tXj 

D x = 2I\J ( 4i) = 2 Clo)( £) = 25 = 3.96 dB 

^ =2N f<s K£J ®*0* 3.01 dB 

D= ircbsClo^ (■?.$) 62) = IB. 47 = !lfi?dB 

C - (0)r o = CoS 1 [chS0 o - 0-443^1 - CoS -1 [coS£L + O.443 -^-r- 1 

l+c ^ J 6 .-*>* 

= Cos f-0.443 |7^) - CoS 1 60. 443 j^g-) = l/0 =4/.Su° 

» 0.7245 rad 
Also from Table 6.2 

®xo” ^90°- Co s' ( J =2 [ 9o°- Cos' 1 ( ( "^ 8 - ) J = 4l4f*« o.7*4< ra4 

®«o = cos' frose 0 - 0.443 ~r) ~ Cos'ctosQo + 0 443 .% ) 

J c+d 3 l=?o° 

= CoS '(-0.443 }) - Cos' f 0 443 f) = Il6.3°-63.9b = 52.5^ 0 - o.?l8 rad 
Also from Table €.2. 

= -* ^90°- cof ( fff^) ] = Z [9o‘~ Cos' ( ] = S2.S6°= o.»7 rui 

Therefore 

<&b = / 1 52S£ # = 53.40° 

V Cosi &> [ e'i c °5% + ®yo sin^oj CoS 6o <roSC, °V = 0 _ 93:2 rao ( 

/o=?o° 

0o-/O° 

- 4l.52 B = a744C5T«d 

&=9»° 

6b =(«>* 

_Q A = ©H = 53.40 (41-52) = 2,217. 17 (d*y<*>s)* 



Do ^ 32,406 32,406 

(decrees) i 2,2(7 '7 


/4.6| = ||.£5dB and it agrees with 
"Hie more accurate, ualues a boue. 
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6 - 51 . cUd* = V4, H=M = tO, 60 = 10°, 00=45° R 0 = 26dB=20 

f~ 1 + o.636f£a>sL, [J(cosk'fr) x -iri J 

= 1 4 0-636 ( Cost, [ 1 /(Cosk' l ^ojj i - IT *] )% 1 + 0. 636 [± Coil, 
f* 1 + 0.636 [ 55 - Gosh (I -93)]*= 1+0-636 i= If 6-671 = io7 ? 


a. D = ircosa. D*D,j , L* = Ly = 9(%)-^ a= 2 . 25 A 


D* 


,+ CRoM)f-^- r 


= 0, 


_ iPe 1 


* + C *>*-') j--* 


D x = f>j = - a ^ 0 -> 


I+- (Xo*-!) |.07? 


L 3 +d 3 
= 4.62=* 6.6^ dB 


IZ 


D= ir-CoSC(o # ;C 4 . 6 i) 64 . 6 A)= 66-04 * (6.2£>d& 
b Fora, square array 4 ®h = @ <0 sec6o = 6y Secflo , % = & /o = @ yt , 

€Vo = <fy 0 = { 0.443 J -Cos' Mo + 0-443^] ff 

6o~9° b 6o = ?©* J 

= {fts[c«e.- 0443^] -dsTas&.+ o.+B^J Vf 

3 -Mo 6 4 ) 6 <>-k J 

“f Cos '(0 ~ 0-443 ~ ) - Cos ' [ C 0 + 0.443 


®* 0 = ® r = [l«UI-7?.7?] 1.07? = 20.41 U079J = 22.03° = 0-3644 rad.. 
A\So frow\ Table 6-2. 


®X 0 * V = 2[90-toS 1 (^i^ 4 )j0.O 7?> 2 f(0.*o)d.07?; =^.ol*=0^rad 


TViits 

©h= @^ sec ©o = A fo SeQe 0 = ^-03 sec (io°)= 22 . 03 Ct-oiS) = 22 . 37 ° 

J = 0 39c r &4 

% = ©*> = ®yo = 22.03°= 03844 root . 
c . = 2237 L 2203 ) = 4?2-8l 6deyees) A = o.|5o| Crad.)^ 
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0-52 M = IO,N=8,6oHO‘,& = 90°, Ro = 30d8 » 31.6-23 

a. p* & ~M*s«*6„ cos^ D = - ^ (f jsinaoO rosw; = o 

§u ~ -Mj/SiyifioSi^o = - *(^swao s )sinC9D c ; = -o.i364ra4 = - 7.81° 

b. Do = ITGbSSo D*I>J 

^==1+ 6.636 ( Gxsh [ J ( C<^sb _l C3(. 6^3)) - 7T x ] ^ 

= 1 + 0.636 { Cash [-/(4.I47) 4 - H * ] 1 = i + 6. 636 (37^3 ] = <■ <44 

P* = - 2 C3t-6-*3) a = Al85 =3.3^p 

‘ "* U^U | + C3l.6a3 a -I) 1.144^ 




2R» 


x C3\.6*i) 


|-*-CRo x -Of j^. H- (3|. £*3 a _iXl.l44> f 

O e -TT CoSCio 0 ; C^IS5)f» 748)= 11-817 = 10. 7-25-dB 

C. ©*,= I f = A[ S2 Cl. 144) =47.50 


= 1,745 * 


(iniforwi 


W| a "d 

u*; forw\ 


Uniform 

■ were obtained from +We- 

ljo = ®yo|f = 6U44) = 60-16 J solution of Problem g.50 

Imifonn 

Fro*v\ the Solattovi of RroUenrH £.50 


A | _ ®yo _ 60 I 6 _| >0( ^ 660.16*) = 6(.o? =l.066 Fod 

~~ Cos 80 ~ 0 »S(WJ 
ft=9.° 

0£> = IO° 


% | ■= $ /0 = U7-5o° - 0.6.2; rJ 

j2 0 = 9o* 

S. = lo° 

£2 = <3)h 4-h = € 1.09 C4-7S0) = 2 > 9ol.77S(deyrees) :i = 0-854 <W)^ 


Do - 


32,400 


, 32, 400 |C7 = , 0 .4 8dB arw( ;f a< , ree>s 

*■* O a > nn 'J 


fde^ees) 4 2,30|.775 
closelj coith -the wore, accurate. value of II .617 or lo./2^ol3 
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6-53. In -the design of an armg } -Hie Maximum occurs atr 6 = Q 0 at -the 

design frequency f-fc which has been used. ix> determine the progressive 
phase between the elements. As the- shifts frcvn fo, the maximum 
also shifts to Some other awjle 8 arwj fmw. 6* 

At a frequency fn, the maximum of the army factor Will be 0-707 of 
the .normalised maximum Value c f unity - The frequency is referred 
to as the half- power frequency , and dt is used to determine the 
frequency bandwidth ouer which the pattern Varies aver an 
amplitude of 3-d6 from the maximum at fo, To determine the 
frequency fh and the 3 _ dB frequency bandwidth, the normal ijed. array 
-factor of C 6 -/ 0 C.) is written using, C 6 — -2.1) as 

AF= A. sin [^iccose- cose e )] 

sin (Coje- CoSflb)] 

The frequency is obscured in the array factor. To be Valid ouer 
a band of frequencies , the wavelengths /V and ^o and the frequencies 
f and fo should be shown explicitly- Using the relation V ~ Xf , 
the army factor Can be. written as 
/\p= A SmT^ffcbse-foCoseo) J 
Slin [ ^ Cfctsb - fo &.r0o)] 

tohich peata at when f-f 0 . At any other frequency, the. army 
factor peats when 

f 6sS0 - fo CoSdc ~ 0 =t> CoSb = &-Cosb a 

The half- power of the amy factor is obtained by letting 6~8„ and 
occurs 

!! 5 i (fKCoie.-f 0 c»i6.)' Cut, (ft- f.) - MSI 

or 

(f h - f 8 ) - l -3?| V _ 0.886 V = 0. 686^ 

NlTd&JO Wd Q>s0 o (L+d)05s6 


([Continued) 



6-53 CCbrt’d) 

Therefore -tine 3-dB frequency bandwidth *S 

BW ( 3 -dB) = - 08&gt> = CS 86 V 

Md&36o CHd)G>s6o 


Therefore -the bandwidth of an array depends Hot on the frequency 
operation but rather on the array £enjth and Sdn qrujle, . 

This is ^ fundamental Constraint on tOide- instantaneous 
bandwidth of arrays. 
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7*1 Usin'! l ’ 7 - 4 ), the array factor Gw be written as 

AF = a ( t a*?-*- a 3 ? 4 = l + iz +z A = ci+ 2 )' 1 ' 
which has "two roots and. both occur at z = -I . 

. The nulls of the array factor Can be found ty settivij ^ 
€»|ual to - i . Thus 

e* L * dCe ‘ s *''^=-l =* -kd as 6 t^ = iOr+oiT, n= 0,1,2,- 

For ol= ^/A- 

Ucos 6 +^ - ^(^rjcos© = -^-Cbsd+p = ± 6 yi-H)Tr, n« 0,1,2, 

6 = cos~T# (-£+(■*"+ Off)], n^0, 1, 2, •• • 


For (S = 0 j 


For f«i; 


G ~ CosT±2C3n + l)] = does not exist , ftJo zeros . 

5= Cos'[ 2-C-0-5 ±taa+l))] 

Forff = o ^ 6= Cbs'Ta t-o .5 ±D] 

Using the positive si<jy\ between "the two term e 

e=Cbs~'C^l) = 0 6 


For 0 =ff; 

0 = as'CaC-litm+OO] 

For n = 0 =£ 8= Cbs~' TaC-| ± I ) ] = CoS Vo) ~ ?° 

For @ = 3lT /* S 

& - Cos 1 [a C~ 1-5 i(inri)) ] 

For n = c> G>s’ l [af-i5il)] = CosV-l) = I80* 

The Computed patterns for o(— ^ and ^-0, ir/i^ tt, Sff/* 

are -shown plotted in Fi<j. P7.|. The nulls do occur at the 

Computed angles. 


^Continue 
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F'J. f-l 

7-2. For (3> = o <wd d -^/4 

^ = fedC 0 S 6 -t£ = (£) Cose - JOoSG 

tobich reduces to 

6 = 0 °: 7 p = { =>^.= j 

0=6O: "^ = "^a. = ifl) =4 2a.= Cl+j)//2; 

e=Uo‘: Tp= 1^3= i(-i)=-^=» Z s = O-j)/^ 

Therefore, the. arro^ factor o'f (7-50 Cor be Written as 

AF=(Z -2.)0E-2 4 )C2-£ J )=(«-jKz-ia+j))te-^Cl-j)J 
= -j + n + j^l)z -c/s +])?*- + e 3 

( Continued ) 


133 


7-2 (CoYrt’d) 

/\f=Gj^ 3Tr/i + 0-7 3-i)e ja?5 ^ 3 2 + C<-75-?)e ,G75 - 2-1 + 


Another For*) is 

AF= 0 )e> Tr/;i + Ci. 73 ^)e. j0 ' ?5 ^z + ci.^e J ' 2 ' Sitf «*+ <"D ^ 3 
AF = a, + a* m Q3 + a+ z 3 
(X- pour (N=4) elements are recjuireol . 
b. Tt^e exc'iotior coeffic ients are e^u<if to 
0 G.= coex 3 ^ 2 -^ ei 1 ^^ i Z^Va = | Z-Vi 
Qa = C 1-732.) e^ 0 ?FE3 =-l-7SiZ-6.?553 

a 3 = Cl-73i) e^ 3 ' 757 = 0.732)6^' ■**= |.«T3*Z? -ns7 =17^2-^.^ 
a 4 = i = 1 Zo 

C. The array factor is gioen by ary of tine two aboi/e fbnra 

d. The array factor is plotted ano( it is sboum beloO. 

0 
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7-3. 

a. 

b. 

c. 

d. 

7-4. 

a. 

b. 

C. 

d. 


AF = zfz 4 -i) = -ztz 5 = cu+ouz tcuzS as^+acz* 

Therefore 

Qi = fl3 =■ CX4 = &5 = 0 i Totai. of- £ elements / "four of cohick are 
Qi = -1 =• 12.180° null elements. Therefore, anty 2. actloe 
Ofi = tl = 1Z.0® elevne^s. 


2l = O Z4 — 34 

2-2 =4 2s- =44 

Z 3 =2d ?« = 5-4 


The spacing between -the active elements 

is 26 - 2 i=( 5 -t )4 = 4 .d 


The excitation Coefficients are shown in part (a). 

For a spacing, of ax between the active elements -44- I 6A 

d= 0.4 Tv. 

The nulls of the array factor are ifbunol using. 

AF = Z£z 4 -l) = e > k4cos6 (e H ^ Cose -l) * e-i a8 w CoSQ ( e* 3 ' 2,r CosS -4 ) =0 

Therefore 3 . 2 irCose| = aair G>s 6 „ - ±nn, n-o.^. 

fln= cos' , (± 5 Q-') 4 6« =t to“ 5i-3i°, iae-sfi a . 

^P= zcz 3 - i) = -z + z 4 = a.+aiZ + a3 2 i ^- cw^ 3 * G152 4 
Therefore 

0i - <*3 = — 0 •) j 0 ^( of 5 element three of which are null elements. 

a*=-l= IZ.I8D 6 ( Therefore 0 ni y 2. active elements. 

= 1 = 120 ° J } 

Zi=0 Z 4 = 3-4 i The spacing between the active elements 

2z=4 2s=4d ] f s 2s -Z 2 = (4-l)d= 3d 

Z 3 =d a 

The exciation Coefficients are Shown in part Ca) 

25-22.= I5X , 4*0.5* 

The nulls of the array factor are foun4 using_ 

AF= Zf 2 3 -l) = e Jirfts -(e J3TrCoSfi - l) = 0 . 

3ffCosa| = 3 TfCoS 6 n = ±nir. n = 0, 2 .. 

Gn = Cos'(±#) 4 = 46.193 131.61* 
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7*5. SF(fl)= f 1 4^40^140* 

1 0 elsewhere 

40^6 4140° 4 ^ ^6 4 fir 

Usir^ Equation (7-ga) , - */< I-30.S4) $ / i k/UicSA) jorMi = o / 

and \4,c°>q>40°. Tlous 

lu/) = IT Cl- 30^4) [ ' SlK1 ^ wsa ) y7 (fT30 64 -) ] W 

SF(«) d ; srau = 4-{s i r^to56 + nfe:)]-Sj[x''C a s6-7i«4)]} 

P^jp f.- 5X and t=l oA y the narrualijed. Current distribution ts shown 
In Ft^.PlJS^) and the patterns i" Figure P'7- 5 &>■ 
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'7-£. Usir^ Equation C7-8o0, -fc/z £ $ 4 fe/z ■for -k* = o and lao®^e >£o°. Thus 
I(H0= ^ [ Sin ( Q ')/ ( ^ ) ] 

ahd SKfl)da:SR*k = i{&r^C0»5et^-Si[jrTCc9Sfl-i)] ] 

For A=5X and i = loX, tV»e normalised Current distribution is siiocon 
m Fig. P76 (*) and tine patterns in Figure P^'6 <b). 
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1~ 7 For / 

>c‘£0 ^ 1*0* 

the excrta+iov) coefficients tan be 

obtained (isinQ 



Qyw * 




- n U 

mn r 

3L_ J 


or in normalised form 



(a*), = si "(^ 

1 



y*TT 

CL 



normalised “for ^e. farms are e^uai 

iM + 1 

= 11 =» M = 5 

2M-tl ~ 

2.1 ^ M =lo 

w=o, 

±i>---,±s 

TM = 0, ±1 , • • ■ 

m 

(Qw)vi 

■m 


0 

1.00 

0 

1.0 

±\ 

0.636S = 4 

±1 

i/TT 

±2 

O 

±2 

O 

±3 

-O.ilii =-^f 

±3 

-a/3 IT 

±4 

o 

*4 

0 

±5 

0.1273 = ^ 

±5 

-2./5TT 


+6 

O 



±7 

--2./77T 



± 8 

0 



±? 

a/? 7T 



110 

0 

For cU-Vz, -the Corresj 

sending armj, factors are by(7-3a). 

or 

AFf0)„ =1 + 2 Cam 

Costf +a 3M CoS3f 

+ asn G>S 5^ 1 

AF(e; 

l 2| = JL + -2. Cam 

aS^ta3K)05S3^ 

t a** CoS5^ 


+ 

c\r , „ cos 7 ?p + a<^ 

CoS 9^ H 

where 

\p = klcosfl =' 

tr cose 


Tbe 

desired and synthesised patterns are siioum plotted 

|V» 

Figure P7. 7 





( Conlmi 

ued ) 
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7-7 Cfcnt'd) 



7 - 8 . For ^ emCos^Cm-^j =Q3s'(o ^w) , m = 0 .±|, -• v ±3 


ThuS 


vn 

- 9m 

CX»wi 

vn 

0wi 

4* 

0 

7q c 

i 




1 

7846° 

1 

-1 

101.54° 

1 

2 

66.42° 

1 

-2 

|l3.5tt c 

1 

3 

53.13“ 

0 

-3 

12.647° 

0 

4 

36.87* 

0 

-4 

143.13“ 

0 

5 

0 

0 

-5 

180“ 

0 


for JUlo* =>©rv, = Cos(m ^) =• c os'C°- lrM ) , ^ = o.±l > • --,^10, 


■rn 

0m £Xvn 

m 

0m 

Qm 

0 

1 

?0° 1 

8426“ 1 

-1 

95.74“ 

1 

2 

78.46* 1 

-2 

/0/.54 0 

l 

3 

72-64“ 1 

-3 

/o7- 46° 

1 

4 

66.42“ 1 

-4 

1/3.58° 

i 

5 

60° 0.5 

-5 

120° 

0.5 

6 

53.13° 0 

-e 

126-87° 

0 

7 

4547* 0 

-7 

/34.4^° 

0 

8 

36.87° 0 

-8 

A 

/43. /3° 

0 

9 

-25-84“ 0 

-9 

/54. /6“ 

0 

to 

0° 0 

-10 

180° 

0 

The patterns are c&mputeol uslnj 

C7 -18) ore s^owh 


pM i« rijuve P'7.8 (ayitim^) 
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7 ~ 9 . 'Since the number of elements CM =11 a rd N= 2.0 i' 5 identical) 

respectively, tothe. number of sampled for i~ ^A. and. £= to A in 
Problem 7-8 cohen aU^A, the corresponding exciation coefficients 
and the anfes cohere each of the. composing functions is maximum 
are identically the Same as those tabulated in the solution of 

Prob. 7-8. The patterns computed us'mj these para m e.t©rs y alonj 
colth Equation £7--2|), are shown plotted in Fiy . P7.y. 



% P'7-1 


7-1 0. For a desired pattern of 

SFC6) = sm*Ce) , 0 ° 6 © $ 1 8o° 

■the desired, e>ccioct<on coefficients and other parameters -for i_=5A 
are listed beloio. 


m 

0m Cdeg) 

Um(= SFC0=6rn) 

m 

Gmfdeg) 

a*,=sFfe= 

0 

70° 

1.0000 

-1 



1 

78.46° 

0-?406 

101.54 

0.?406 

2 

66.42° 

0.7678 

-2 

113.58 

0.7678 

3 

53.13° 

0.5l2X> 

-3 

1 26.87 

0.5120 

4 

36.87° 

o.i!6o 

-4 

143.13 

0 .2| 60 

5 

0 

o 

-5 

180. 

0 


The pattern completed Using these parameters and Equation 67-/8) 
fs shoLon plotted in Fig. P r r.l0 — 7.|/- 

Jt is identical to that obtained using discrete array modeling 



16 ° 50 ° 9 o 6 130 ° Ho* 

obsevuation G (<iec\T«.es) 


Fig . pij.lo - 7. II 





7"11. Since the number of elements N= II ford = 'Vz is identical as 
the number of Samples of Prob. 7-10, the ex-citation coefficients and 
other required parameters are the same as those Histed in the Solution 
of FVob. 7-|0. Using these anol equation (7-21), the pattern compiled 
is shown plotted in Fij. P7 f0~7.ll It is identical to that obtained 
US'mcj Continuous-source modeling. 

7-12 Since the desired pattern isgiUen by 

^ SF(e) = ( °-34z esc ce) 2 oVe$eo° 

0 Elsewhere 

the required parameters for a Woodward line -Source design of 
i=2oA a»© listed MocO 


vn 

0m (deg.) 

dm = SF©=fln,) 

m 

0m (deg.) 

dm = SF(6=0m) 

0 

90. 

0 



1 

§7.13 

0 

-3 

92-87 

0 

2 

0426 

0 

-2 

35.74 

0 

3 

81-37 

0 

-3 

98.63 

0 

4 

78- 46 

0 

'4 

I 01.54 

0 

5 

75.52 

0 

-5 

104.48 

0 

6 

7254 

0 

6 

107-46 

0 

7 

69.51 

0 

-7 

110.49 

0 

8 

66.42 

0 

-8 

113.58 

0 

9 

63.26 

0 

-9 

116.74 

0 

10 

60. 

0.3949 

-10 

120. 

0 

i| 

56.63 

0.4095 

-/I 

123.37 

0 

12 

53. |3 

O. 4225 

-12 

126.87 

0 

13 

49-46 

0.4500 

*-13 

130.54 

0 

14 

45.51 

0.4789 

-14 

134.43 

0 

15 

41.41 

0.5171 

-15 

138.59 

0 

16 

36.87 

0.5700 

-16 

143.13 

O 

17 

31-79 

0. 6492. 

-17 

148.21 

0 

IS 

25.84 

0.7846 

-18 

154.16 

0 

19 

18.19 

0 

-19 

16 /. S| 

0 

20 

0 

0 

-20 

180 

O 


The pattern computed using these parameters and Equation C7-15) 
ii shoiOn plo-t+ed in Fig. P7. 12, 


(Continued ) 



7 ' 12 


7 - 13 . 



Since -the number of elements N = 4-1 with a spacing of d = -V-2. is 
identical to -the number of samples in Prab. 7- 12, -the excitation 
Coefficients and other parameters are identical to those listed in 
the Solution of Preb 7. 12 . Using these parameters along u)ith 
Equation (7-2i), the pattern computed Is shoion plotted in Fij- P? '3 
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7-14 For the desired pattern of 

« I 1 15* 4G $2o 6 

° r ‘ ~ j 0.342 CSCC0) zo * $ 0 <560 
0 Elsewhere 


the required parameters for i=2o>- are iderrtiad +0 those listed in 
the Solution of fY&b- 7. 12 except that for m=-l9 they should be equal to 

yt\^ \Q Grr> = IS. 1 9 ° Qrn =. SFC^=Gm) = l 

The computed pattern using Equation (7-16) is shoion in Fi«.p7-I4- 


(Q = 20%) 



( Frg. prj.it) 


O\o sex oat ion An^W 6 tdeqr*«.s) 

1 IS°^6 G20' 


I 0.342 CSCC6) 20° 6 4 Go 

f ~) P 1 ca/ aIi/^yvo 


7' 15. For the desired pattern of AF(&) 

*■ 0 Elsewhere 

"the required parameters "far N=4I and d = V 2 . are those listed in the 

Solution of Proh.7. 14. The pattern Computed Using Equation C 7 -- 2 .I) 
is shown plotted in Figure P7. 15. 



m 


7-16 For a “^ 5 dB Side lobe level 

f? e C^ltoge ro+io) - I0 a5/i °= lo 1 ' 25 = 17 7828 
Uslno (7-56 ) 

A = * CoS^fc) = 7 f crf'C > 7 . 78 ^ 8 ) 

v -> 3-5706 

— 4 |J[ n [ 17.7856 + c I 7 . 7828 l -t) 4 J J 5 

and ( 7 - 28 ) With h = 5 

p _. ^ _ __S _ |.o 7728 

]/i\.\S&SBtir C5-Q-S) 3 - 4.6413 


The nulls are ^iuen by C 7 - 55 ) or 


Vn = dv> 



Cn-o.5)*- 

±TT 


1 £ Y\ < 5 
5^n6 °° 


1.13655 


Vh =± 1.3376, ±2.0274, ±2-9585, ±3.9643, ±5, ±6, ±7, 

±8, ±9, ilO, ill, il 2 > 

For l = loA,±Vie Corresponding armies are^’wen by 
6 n -82.31°69 7-68°), 7<S3c> 0 C lol.7o°), 72.79°C(o7. 2 f) , 66.64 'CII3.3G*), 
Co^Cl^O”), 53.13°C|56.87) , 45.S7‘ , (I34.43°), 36-87‘C 143.13 ), 

-25.84 054- 16°) , O e CI8o°) 

The half-power beamwidth is obtained Usinj (7"3l), and (t is 
GfUftl +0 

0 O Oi^ s'in 1 1 ^ C| 07758) T V/ 7 . 78 - 23 /'- [cosb 'i7-78±fi ) J 'l /x j 

- 2Sir' {^M7±8[ (3.5706)^63.22325;"]'^]-= 2(3.0197)^6.039° 

The Corresponding normalised current dis*rit>u+iovi and pattern 
are shoiwn in Figure P7. 16 6a) . 


[ Co nil rued ) 


1U5 



7-16 Point’d) 



Fiji. 


tj. P 7- 1 6 Co.) 



. {,. For a. -20 d!3 side lobe leuel 

R 0 ( uoltaje ratio) = (o a0/!ao = |0 
Usin 3 C7-2£) A = Jl Cosh-'Clo) = = 0 -95277 


and £ 7 - 28 ) ioitb ri= io 
10 
r = 


IO 


9.5476 


= 1,0474- 


7(0.9 5577)*+ (ffO-o.SJ) *- 
Tbe nulls are ^iven by C7-29) or 

Vv> =±.1.1270, ±1.8612, ± 2 . 8020 , ±3.7992, ±4.8176, ±5-6464. 

±6. 68o7, ±7.9185, ±8.9585, ±10, ill, ±|2, 

For d=lc?^, +be Corresponding angles are cjiuen b^ 

6 n = 83.53° C%. 47°), 79 . 27 “CIO 0 . 7 ^ 73.73*6(06. 27 ') , (rj.&VC 112.33°} 
6|.20‘C(I5.8o°9, 54.227125.78°), 4-6. 52° C 1 33. 48°), 

37 6 4"C 1 42.36*9, 2<5.38°6|53.62°), 0° 6 ISO*) 


(Conti nued ) 
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7-1 6. yC Cowt'd ) The half- power beam co'tdtVi is obtained UsirKj cr| -313, 
and it is equal -to 

(0)o- -2 Sim' 1 ^0-0474) [~ Ccosh'io^- ( cosh 4 =) "I \ 

l ir(|o) h J J 

* 2SW |^iM24 [ ta . W3ii ,‘_ f3 . 444l ^] 1,1 ) = *<*•«» =s-sr 

The corresponding normalised current distribution and pattern are 
shown plofted in Fi<j- P7. |6cb). 



0 a *3 3 } 5 } 


Position oh source a' 



s/ = Wrr 


F$. P'7-16 b. . 
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7-17 Frown Rxge 37? of Reference 12 . ( Formula 1) 

f e j£cos6 cos if j ^ (zsiwe s'my) C* Cfose) sin v+ ^e) dfl 
= Jf r • Cn CteSf) (i) 

For ))=■ 1/2 . 


cl^Ck) = P„°6t) 

cL'"a) = Pot*) = 1 . 


J 0 (?sin©.c'my) C^Vcoss) sine ole = j* Gi'*&°sy) Js^Cz) 
from poge So of reference 12 . 

Q-2dir + a 4 / ~ 'n" Q C* c *) ’ wlieire | 

Thus for n = o, The atone integral reduces tt> 

£V )2Co ^ CoS ^ J e Cosine Smy) C 0 v Yfose) sine de = ^ 

° r | ir e i* ce56CoS ^j o C€smesiny)sineclfl = Ji(*) 

Since = || J n+ M ^ S J±Cx) = a i^ 

^ €l1 j’ 1T e i 2 cose cosip j o (zsine sin y) sin© de = 2 C*) = -2. 

Moving u change of variable of -the. form 6 '= S - *7.2 . 

"the above integral Can be written as 

f* i e)'^' w T Jo (*<»»'*»*) c.s6'de'= a ^ 

Groing -through another change of variable of +he fbrvn 
^ = -sto 6 '=^d^ .-cose'ole', Cos&'= Ji-s\v)X&') 
the integral reduces to 

^' e )*fcos«p. j o C ?S iny JT=y)d^ 2 ^*> 

By Getting J _>,«,($ 3 the. integral G*n ke written as 

d ,, = z 
(Continu-eoi) 



7-17 (Cont’d) lastly by leitivuj 


£ Sin ij) = jnB 
j-[iCos^)-kd>s^ 


\ ^ Z^Sin^p + cos 1 ^) = Z 1 ® ( y~ CoS 6 ) - (W B) *" 

1 or r—- 

* = ■/( tt Cose ) -(ms ) 1 ~ P *■- fTTB ) 1 


Therefore 

C e> kl ' Cos6 J 0 ( jnB/l-ffrj 1 ) d*'« 1 

where /< = Traces© 


sin [VtC-CtrBH 
d A* 1- - firB)* 1 


7' 18. For a -30 dB side Hobe k-oel 

Ro = 10' 3 ° /ao = lo lB = 31.62 

anc ^ 31.62 =4.603 =>TTI3 = 4. 003 => B= 1-27^1 

TT B 

The excitn+iov) Coefficients are obtained UStwj (7-Sz) . 

Fora spacing of d-^/z keiuieeY) “the elements 

20ti = IvX*0|j/. 0 =J*(j4d)09.)«ll-4o ^ ai=£.qo 
Qs. -InffO | H /_ ± y z = To£j3 .882 ) =10-2 
a 3=^>^l^ =ix =JoCj3.47i)=72 
04 = Ii, (?') I z ' =± ^ = J 0 ( j 2 . 65 i) = 3.*7 
as =Xv,(zO| ?/=£ ^ = j.Cjo)= 1 

The array factor IS ^ioer by C 6“Clb ) and C 6-CiC or 

AFC6 ) = Qi + CoSCui) + 03 C6SC4U) + 0 4 Co3(6M) + a? CoSCfcM) 
where ^ Cos© = ^ Cos© 

The patterns Computed for the continuous distribution and -the 

dlscretiseol array of .AJ = S elements With oU Vi, are shoum 

plotted in Fi^. P7 IS. The agreement between the tioo is not 

AS 900 das that in Fij. *7. JO. 


(Continued) 



7' 18. C Conic!) 


0 ° 



7 " 19 . For <x -40dB Side lobe level 
Re = loo and B= I r 74l5 
The excitation Coefficient's are e^ual to 

2 Qi = Jo Cj 5-471 ) =4155 =*a, =20.775 =• 20.77540* 
0k = Jo(j4.738) = 41.58 ^ 21.5840° 

Os = Jo (jo) = 1= 140* 

The array factor is ^\ven by 

AF(6,P)= Qi ■+ Qi Cos (2ji) q 3 CosC4ti) 

Where 'Sim© CoS<$> 


ISO 





7-20. Us'm<j (7-1) for &nte / )~o 

SFCe) = r </i I „ (£0e ' lte ' c “V 

J-U, 


i/2 
Ux 

Uniform ; ^ 2 /) = X 


<r m — f t _,;kz'case . / r*' z e ite'cose 

J2 = J> L&iirw 

=J»< [ _ si»fta* t n = [ Si^all ukere M = W(i)Cose 

^ CbSG j M 

Iv) a Similar wanner, it can be shown thect" for 

Triangular ; In (%') ^ X^ Cl - p(z'| ) 

SF(6) = 1,(1) ukere 4 = irf4j Cose 

l 2. ] 

Gsine ; In (?') = I* CoS Ctt ^ 

SFC9)= !*•{ , «w«. JU = 1T&0>S8 

(*/.»/ l -z(* 


£/i e ) Itf'CoSfi 


Cos me Squared ; In(20 = 1 $ Cbs tr J 

SFC 6 ) = I» (i) [%*] 


7-21. For i- 4X and Table 71 
(X. Uniform distribution : 

HPBW = S0.6/4 - 12.65° 
FNBW = 114.6/4 =28.65° 
FSLMM = -l3.2dB 
Do = 2(4) = 8 = 903 dB 

o. Triangular distribution * 

HPBW = 73.4/4 ^ie.3S° 
FN 8 W = 22.^.2/4=57.30' 

FSLMM = -26.4dB 

"Do = 0.75 08) = C. 80= 8.S3 dB 


C. Cosine distribution ; 

HPBW = 68 . 8/4 = 17.20° 

FNBW = 171-3/4 =42.38° 
F$LMM = -23.2dB 
p. = o. 810 <8) = 6-48 =6-Udl3 

d . Cosine - S^ucmed distribution >' 
HPBW = 83.2/4 = 20 . 80 ° 

FNI3W = 229.2/4 = 57- 3o° 

FSLMM = -3|-5 dB 

Do = 0.667(8)=S.34 =7.27dB 
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^"22. ll.simj C7~45), the space factor for each distribution can 
be derived as follows; 

Uniform •„ A* (f ') = I<> 

SF(Q) ~ -ztriL fYjcCfee'smejdf' 

Usirg Equation C V _2 i ) from Appendix V > or 

fV* 1 Jp £<**> d* = f * -x J 0 (ow) Ax = * x Ji I* 

Jo _ _ _ JO 

P -o 


Ipso 

the space factor reduces to 


J,Ckc(sin 6 ) 


SF( 0 ) = ^irlo { [ji(kas\n 6 )-J^<>)] ) = ^ mQ 

= ^na^To cohere =^St "6 

X 4 ' 

Radial I An(^) = X Ci f ^ /Jx ) 1 
SFCe) = 2 nit £* Ti ~(C'/<0‘] Jo C fef / sine;p'c|p / 

Hsinj -the integral 

C/U=^asinfl)=2Tia 1 -£ 1 (i-r i ) p J 0 cur)rdr 

= 21 J a Cl- C £)*] p Jo(fcp / &n6)e , d e / = 2n a* — P ^ (U) 
the. space factor reduces to 

SFCS) = 4W 1 !! [ , where = kcvsi ta © 

Radial -Squared ; 

Ante')=I i Cl-W‘J i 

Usinj the Same procedure as f>r the radial , it Can be she uin that 

SFCS) = I^Tra*-!^ [ ^ M= C^)sinB * feasine 

J 


15Z 



7 '23 the equations from Table 7-2 with a = 2 \, 

"the desired parameters for each distribution are as fallows; 

(X. Ur form ; 

HPBW = -2.9.2 /2 - 14-60° 

FNBW = 69.9/2 = 34.95° 

FSLMM =->7-6 d8 
p 6 =C4Tr) i = 157.91 =s 21.38 olfe 

b. Radial taper ; 

HPBW = 36.4/2. = 18-20 * 

FNBW = 93.4/2. = 4470° 

FSLMM = - 24.6 dB 
U = 0.75 (4tt)*-= 118.44 -20.73 dB 

C. Radial taper - Squared ; 

HPBW = 42.1/2. ~ 21.05° 

FNB\M = 116-3/2 =58-15° 

RSLMM = -30. 6 dB 

Pfc = 0.56 C41T)^= 68-43 =!9-47d|3 
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4 t| + -jweE^ (( = &), R = (i-i'Aa 

--Vi. 


h> ( S ^r)=~ tl+jm ^P- fjf J eif* 

eX* 

R 5 


« 0 * 


=-a+j>w — [j^(R*-ortR - i3^r~(^)Cr i - a*-;] 

~ -U+jpR) (R 4 -a*)C<£lO -3(l+j£R)J 


e^ K \ _ fj?R 


R B 


{ ( l+j^R) (-*R 4 -Ja*) - C R*~ a 4 X(5l^ j 


= [-R*-Cl+j£R)-<R*-.a*X£R)*-* 3 CR a -a*)fl+(j-^R)J 

2 >Z*A R “ ) 

Therefore 

\ fit*. _ ^ -MR . /•£/* 

41 T 

-V. 


ICf')[(fc - «r( IftO ^ j C|+j^R)^R*-3a*)- fc'C+R)* 

-V R 

+ a“Cf iWV^Jd^ . Vj-^[0^l0(aR*-3a.) + 


8 -2. According to (8-20 ) we have that 

(^ + ? i ) ( !*&) di '= -j« 06 Eif(=«.; - "j|"Ee (0 

-*/«. 

The aboue equation is an In hoYno^e neons ordinary harmonic differentia. I 
equation <ohose solution is obtained as the sum of Completnentary an4 
particular Solutions. Thus We run write the solution as 
r-t/i. -;&r 

rBcos^^)-tCs.n^)J-j^| ? E^ stnC^Z't'J] Jj' U) 

V Iwnpfen\e/\t^ ^ v ""fUrticuISr" solution 
/\+ £=o, the particular solution Vanishes . Therefore £*) then reduces to 

gj$R \ 

J ^ (i ') "f^if "j I" t B ^HC s»» (p)] = i 7j Tf B cts^i) + pC S\n f ^e-J 
= "j T Bi Co ^*) + C x sin (p)J 
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8-3 


if = *c 


v. 


V; 


Mf ~-2Y\ xE, 2(X Z xa, E„ = -a* ; /A\ 

4n(b/ a ) ’ f f. ^ 

M? = - ^ 

irt(b/«0 

The solution presented here is that reported m the following journal P«per: 
L. L. Tsai /' A numeri raj Solution fir the near and far fields cf an annular 
rin^ of magnetic current'' IEEE Transaction Antennas and propagation ^ 

Vol. AP--20 , No S, Sept- !$7-i, f“P- 569-576. 

The rad /a ted electric and magnetic fields Can be found Usinj 
§=-jwA -j^Vf'7-A)-ivxF 

F* &JT Bf 


A = £ 

4TT 


R 
oi^R 


f[i^' 


CaO.) 

Obd 

CXe) 

Cad) 


Since T=0, then A=0 and (aa) and (at) reduce, to 

E=-iv/F C300 

H « -jwF -j 13 jug V6v. F ) C 3 b) 

To evaluate (ac) “the differential area ds' on the f rill is 

ds'= p'dp'do" C <t) 

Dividing the frill into dp' wide magnetic hi nj current, the Contribution ofpacU 
rlnj will be evaluated first. This is accomplished by integrating 
Wi.Hr respect to before Summing, over all the rimjs. 



Fl j. P<?-3 


(Contiou^d ) 
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8“3 (Coyvt’d) The problem possesses symmetry Since. there. are no ^ variations. 

Therefore. the observation Gan be located at anw plane. Without less of 
generality U)e rboose ~tbe y £ plane -for tte observations. For plane 
e=# and the E potential is 0- polarized CFp) . Using Cl) and Cac) toe 
Can -then lorlte that 

, jsi*R' . . 

cs; 


cohere 


R'= [C*-z /, ; a +e i -C(>') i 


‘/j- 


cb*; 


Because "the ring IS 0M the xy -plane, each pairoj fwcrementa.1 Current 
element cJcf 7 Csymnetrif&llj locked at *-&') has only a net 6^ Contribution. 
This leads to the ^Casja' factor U>ith an integration in V'fr&n 6tro¥. 

Noci> using. C- 2 a) and Ob) in cylindrical, coordinates, COe can <o rite, that - 

Ei ■ 

E»= i&O*) “k* 

H# — — Jco F# (6 c) 

E# = Hp = =o 

Closed 'f&rm expressions fi>r elecAricavid rua^netic f ieli fa* ke. derived 
tohev) £ »b coithocct: makiv^. far field approxiroafiovis . From (5a) 

fc> = [(2-*0*+^*] V * 

After Suitable approximations on CS) toe can corite tbatr 

--4__ AP . i ,.i\ 

4A"CH« C ft* b J + 

Using (7), (oe can corite C6a) as 

55 8 Jlnf b/O f? 0 4 rl«o J * + 

ij 1 C6) 


8ln(b/a; 
and C6b) as 


v kRS J 


R» 3 


F.i-V:ikzS2f i-r4 + *clwn-L J .:^cbw; 3 

f eircb/,0 Ro R,* 1* l** -T- y J^ + J[ — R? — pr J J <9 
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8-4. On the axis of the ring (f = o), the Symmetry of -the problem alov^ the. 
p direction requires that* Ep(^«o,^)«o. HouJeoer ^nations C<S )ar\U(9 ) 
°t the Solution of problewi 8.3 are no longer accurate, (uhen 
Therefore u)e coill derive, a simpler form for the field a>twch t^il| be. 
accurate onJbp for ^o- cohen £«o, u)e hcu/e that" 

R' = Cl) 

Therefore 

^ C0 >* )= -Jf ^ [ [ CoSja'djZT'J ^'-0 u) 

TKen 

WpLoA) = 

From (6a) oj- the Solution oj- Problem 8-3 


& 


Eg(o,*) 


_ J._5f 1 3Fg i^3f> 

■ — C. O £ r n . 


6 e 6 d P ~ 6 If »o ( 4 ; 

In deriving C-O, L'Hospitali rale coas used to faJte care of tb< s. % term. 

Usinj £*) and C4) and interchanging, the. ovder of integration and 
differentiation; if Can be shocon that C4) Can be. (ori-Hen as 

&o, '®= j e ,o' /jr 

The aboue Solution is that found in : 

1 L. L. Tsai, /A numerical solution for the near and far fields of 
&y\ annular rirg of magnetic current \ XEBE Transactions Antennas 
and propagation , Vo|. AP-.20, No. 5, Sept. 1992. . pp 56?~576 

8-5. X~0.ti.TK, a=QD05A J N -2.1 ' 

impedance matrix r£ mn f for using the de|ta-^ap 
or majnetic -frill jener«.tor is same, but ri^bt hand StdesCV#] 
are differ? nt. 


CCoyitinueJ ) 
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Z( 1, 1)= -0 . 96043 52E+03 
Z( 1, 2 ) = 0.4184994E+03 
Z( 1, 3 ) = 0 . 4475594E+02 
Z( 1, 4) = 0 . 1323194E+02 
Z( 1, 5) = 0 . 57993 02E+01 
Z ( 1, 6) = 0 . 3131011E+01 
Z< 1, 7 ) = 0 . 1919739E+01 
Z( 1, 8) = 0. 1278995E+01 
Z( 1, 9 ) = 0.9010428E+00 
Z( 1,10)= 0 . 6590829E+00 
Z( 1,11)= 0 . 4940229E+00 
Z( 1,12)= 0 . 37563 40E+00 
Z< 1,13)= 0 . 2872772E+00 
Z( 1, 14)= 0 . 2 1923 44E+00 
Z( 1, 15) = 0 . 1655427E+00 
Z< 1,16)= 0 . 122387 1E+00 
Z( 1,17)= 0 . 8723569E-01 
Z( 1,18)= 0 . 5835235E-01 
Z( 1,19)= 0 . 3451012E-01 
Z< 1,20)= 0. 1481668E-01 
Z( 1,21)= -0 . 1395117E-02 
Z( 2, 1)= 0 . 4184994E+03 
Z( 2, 2 ) = -0 . 96043 52E+03 
Z( 2, 3 ) = 0 . 4184994E+03 
Z( 2, 4 ) = 0 . 4475594E+02 
Z( 2, 5 ) = 0 . 1323 194E+02 
Z( 2, 6) = 0 . 57993 02E+0 1 
Z< 2, 7 ) = 0 . 3131011E+01 
Z( 2, 8) = 0. 1919739E+01 
Z( 2, 9 ) = 0 . 1278995E+01 
Z( 2,10)= 0 . 9010428E+00 
Z( 2,11)= 0. 6590829E+00 
Z( 2,12)= 0 . 4940229E+00 
Z( 2,13)= 0 . 3756340E+00 
Z( 2,14)= 0 . 2872772E+00 
Z( 2,15)= 0.2192344E+00 
Z( 2,16)= 0 . 1655427E+00 
Z( 2,17)= 0 . 1223871E+00 
Z( 2,18)= 0 . 8723 569E-01 
Z( 2,19)= 0 . 5835235E-01 
Z( 2,20)= 0 . 34510 12E-01 
Z( 2,21)= 0. 1481668E-01 
Z( 3, 1)= 0 . 4475594E+02 
Z( 3, 2 ) = 0 . 4184994E+03 
Z< 3, 3 ) = -0 . 9604352E+03 
Z( 3, 4 ) = 0 . 4184994E+03 
Z( 3, 5) = 0 . 4475594E+02 
Z( 3, 6) = 0 . 1323 194E+02 
Z( 3, 7 ) = 0 . 57993 02E+01 
Z( 3, 8 ) = 0 . 3131011E+01 
Z( 3, 9 ) = 0. 1919739E+01 
Z( 3,10)= 0 . 1278995E+01 
Z( 3,11)= 0 . 9010428E+00 
Z( 3,12)= 0. 6590829E+00 
Z( 3,13)= 0 . 4940229E+00 
Z( 3,14)= 0 . 3756340E+00 
Z( 3,15)= 0 . 2872772E+0 0 
Z( 3,16)= 0 . 2192344E+00 
Z( 3,17)= 0. 1655427E+00 
Z( 3,18)= 0. 1223871E+00 
Z( 3,19)= 0 . 8723 569E- 0 1 
Z( 3,20)= 0 . 583 5235E-01 
Z( 3,21)= 0 . 3451012E-01 
Z( 4, 1)= 0 . 1323 194E+02 


-0.2944177 E+00j Z v *±, - 

-0.2938329E+00j Z{ 4, 3)= 
-0.292093OE+00j Z( 4, 4)= 
-0.2892089E+00j Z{ 4, 5) = 
-0.2852054E+00j Z( 4, 6)= 
-0 . 2801163E+00j Z{ 4, 7)= 
-0.2739840E+00j • Z{ 4, 8)= 
- 0 . 2 668 600E+0 0 j Z( 4, 9) = 
- 0 . 2588035E+0 0 j Z( 4,10) = 
-0. 2498812 E+OOj Z( 4,11)= 
-0.2401658E+00j Z{ 4,12)= 
-0.2297367E+00j Z{ 4,13)= 
-0.218677 6E+0 0 j Z( 4,14) = 
-0.20707 67E+00j Z( 4,15)= 
- 0 . 19502 54E+0 Oj Z( 4,16) = 
-0. 1826168E+00j Z( 4,17) = 
-0. 1699458E+00j Z( 4,18)= 
-0.1 57 1072 E+OOj Z( 4,19)= 
-0. 1441954E+00j Z( 4,20) = 
-0 . 1313030E+O0j Z( 4,21)= 
-0 . 11852 OlE+OOj Z( 5, 1)= 
-0.2938329E+00j Z( 5, 2)= 
-0.2944177E+00j Z( 5, 3)= 
-0 . 2938329E+00 j Z( 5, 4) = 
-0.292 0930 E+OOj Z{ 5, 5)= 
-0. 2892089 E+ 0.0 j' 4 Z( 5, 6) = 
-0 . 2852054E+00 j Z( 5, 7) = 
-0.28011 63 E+OOj Z( 5, 8)= 
-0.2739840 E+OOj Z( 5, 9)= 
-0.2668600E+O0j Z( 5,10)= 
-0.2588035E+00j Z( 5,11)= 
-0.2498812 E+OOj Z{ 5,12)= 
-0 . 2401658E+00 j Z( 5,13)= 
-0.22973 67E+00j Z( 5,14)= 
-0.2186776 E+OOj Z{ 5,15)= 
-0.20707 67E+00j Z( 5,16)= 
-0.1950254 E+OOj Z( 5,17)= 
-0 . 182 6168E+00 j Z( 5,18) = 
-0 . 1699458E+00 j Z( 5,19) = 
-0.1571072 E+OOj Z( 5,20)= 
-0 . 1441954E+00 j Z{ 5,21)= 
-0 . 1313030E+00j Z{ 6, 1) = 
-0.2920930E+00j Z{ 6, 2)= 
-0.2938329 E+OOj Z{ 6, 3)= 
-0.2944177E+00j Z( 6, 4)= 
-0.2938329E+00j Z{ 6, 5)= 
-0.2920930E+00j Z( 6, 6)= 
-0.2892089E+00j Z( 6, 7)= 
-0.2852054 E+OOj Z{ 6, 8)= 
-0.2801163 E+OOj Z( 6, 9)= 
-0.2739840E+00j Z( 6,10)= 
-0.2668600 E+OOj Z( 6,11)= 
-0 . 2 58803 5E+00 j Z( 6,12) = 
-0.2498812 E+OOj Z( 6,13)= 
-0 . 2401658E+00 j Z( 6,14) = 
-0.2297367E+00j Z{ 6,15)= 
-0.218677 6E+00 j Z( 6,16) = 
-0 . 2 070767E+00 j Z( 6,17) = 
-0 . 1950254E+00 j Z{ 6,18) = 
-0. 1826168E+00j Z( 6,19) = 
-0 . 1699458E+00 j Z< 6,20) = 
-0 . 1571072E+00 j Z( 6,21) = 
-0 . 1441954E+00j Z( 7, 1)= 
-0 . 2892089E+00j Z( 7, 2)= 


0 . 4475594E+02 -0 . 2920930E+00 j 
0 . 4184994E+03 - 0 . 2 93832 9E+00 j 
-0 . 9604352E+03 - 0 . 2 944177E+00 j 
0 . 4184994E+03 -0 . 2 938329E+00 j 
0 . 4475594E+02 -0 . 2 92 093 OE+OO j 
0 . 132 3 194E+02 -0 . 2 892089E+00 j 
0 . 57993 02E+01 -0 . 2852054E+00 j 
0 . 313 1011E+01 -0.2801163 E+OOj 
0 . 1919739E+01 -0 . 2739840E+00 j 
0 . 1278995E+01 -0 . 2668600E+00 j 
0 . 9010428E+00 -0 . 2588035E+00 j 
0 . 6590829E+00 - 0 . 2498812E+00 j 
0 . 4940229E+00 -0 . 2401658E+00 j 
0 . 3756340E+00 -0 . 2297367E+00 j 
0 . 2872772E+00 -0 . 2 186776E+00 j 
0 . 2192344E+00 -0 . 2070767E+00 j 
0 . 1655427E+00 -0 . 1950254E+00 j 
0 . 1223871E+00 - 0 . 182 6168E+00 j 
0 . 8723 569E-01 -0 . 1699458E+00 j 
0 . 5835235E-01 -0 . 1571072E+00 j 
0 . 57993 02E+01 -0 . 2852054E+00 j 
0 . 1323194E+02 -0 . 2892089E+00 j 
0 . 4475594E+02 -0 . 2920930E+00 j 
0 . 4184994E+03 -0 . 2938329E+00 j 
- 0 . 9604352E+03 -0 . 2944177E+00 j 
0 . 4184994E+03 -0 . 2938329E+00 j 
0 . 4475594E+02 -0 . 2920930E+00 j 
0 . 1323194E+02 -0 . 2892089E+00 j 
0 . 57993 02E+01 -0 . 2852054E+00 j 
0 . 313 1011E+01 -0.2801163 E+OOj 
0 . 1919739E+01 -0 . 2739840E+00 j 
0 . 1278995E+01 - 0 . 2 668600E+00 j 
0 . 9010428E+00 -0 . 2588035E+00 j 
0 . 6590829E+00 -0 . 2498812E+00 j 
0 . 4940229E+00 -0 . 2401658E+00 j 
0 . 3756340E+00 - 0 . 2297367E+00 j 
0 . 2872772E+00 -0 . 2186776E+00 j 
0 . 2192344E+00 -0 . 2070767E+00 j 
0. 1655427E+00 - 0 . 19 50254E+00 j 
0. 1223871E+00 -0 . 1826168E+00 j 
0 . 8723569E-01 -0 . 1699458E+00 j 
0 . 313 1011E+01 -0.2801163 E+OOj 
0 . 5799302E+01 -0 . 2852054E+00 j 
0 . 1323 194E+02 -0 . 2 892089E+00 j 
0 . 447 5594E+02 -0 . 2 92 093 OE+OO j 
0.4184994E+03 -0 . 2 93832 9E+00 j 
-0 . 9604352E+03 -0 . 2 944177E+00 j 
0 . 4184994E+03 -0 . 2 93832 9E+00 j 
0 . 447 5594E+02 -0 . 2920930E+00 j 
0 . 1323 194E+02 -0 . 2892089E+00 j 
0 . 5799302E+01 -0 . 2852054E+00 j 
0 . 3131011E+01 -0.2801163 E+OOj 
0 . 1919739E+0 1 -0 . 2739840E+00 j 
0 . 1278995E+0 1 -0 . 2 668600E+00 j 
0 . 9010428E+0 0 -0 . 2 58803 5E+00 j 
0 . 659 0829E+0 0 -0 . 2498812E+00 j 
0 . 4940229E+0 0 -0 . 2401658E+00 j 
0 . 3756340E+0 0 -0 . 2297367E+00 j 
0 . 2872772E+0 0 -0 . 2 18677 6E+00 j 
0 . 2192344E+0 0 -0 . 2 070767E+00 j 
0. 1655427E+00 -0 . 19502 54E+00j 
0 . 1223871E+00 -0 . 1826168E+00 j 
0 . 1919739E+01 -0 . 2739840E+00 j 
0 . 3131011E+01 -0 .2801163E+00j 
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z( 

7, 

3 ) = 

0 

Z( 

1 , 

4) = 

0 

Z( 

7, 

5) = 

0 

Z( 

7, 

6) = 

0 

Z( 

7, 

7 ) = 

-0 

Z( 

7, 

8) = 

0 

Z( 

1 . 

9 ) = 

0 

Z( 

1 , 

10) = 

0 

Z( 

1 . 

1D = 

0 

Z( 

7, 

12) = 

0 

Z( 

7, 

13) = 

0 

Z( 

7, 

14) = 

0 

Z( 

7, 

15) = 

0 

Z( 

1 , 

16) = 

0 

Z( 

7, 

17) = 

0 

Z( 

7, 

18) = 

0 

Z( 

7, 

19) = 

0 

Z{ 

7, 

20) = 

0 

Z( 

7, 

21) = 

0 

Z( 

8 , 

1) = 

0 

Z{ 

8, 

2 ) = 

G 

Z{ 

8 / 

3 ) = 

0 

Z{ 

8, 

4 ) = 

0 

Z{ 

8, 

5) = 

0 

Z( 

8, 

6) = 

0 

Z( 

8, 

7 ) = 

0 

Z( 

8 , 

8) = 

-0 

z( 

8 / 

9 ) = 

0 

z< 

8 / 

10) = 

0 

z< 

8 , 

11) = 

0 

Z( 

8 , 

12) = 

0 

Z( 

8, 

13) = 

0 

z< 

8 , 

14) = 

0 

Z< 

8 , 

15) = 

0 

z< 

8 , 

16) = 

0 

Z( 

8 / 

17) = 

0 

z< 

8 , 

18) = 

0 

Z( 

8 , 

19) = 

0 

z< 

8, 

20) = 

0 

Z( 

8 , 

21) = 

0 

Z( 

9 , 

1> = 

0 

Z( 

9, 

2 ) = 

0 

Z( 

9, 

3 ) = 

0 

Z( 

9, 

4 ) = 

0 

Z( 

9 , 

5 ) = 

0 

Z( 

9 , 

6) = 

0 

Z( 

9, 

7 ) = 

0 

Z( 

9 , 

8) = 

0 

Z( 

9 , 

9 ) = 

-0 

Z( 

9, 

ii 

o 

rH 

0 

Z( 

9 , 

11) = 

0 

Z( 

9, 

12) = 

0 

Z( 

9, 

13) = 

0 

Z( 

9 , 

14) = 

0 

Z( 

9 , 

15) = 

0 

Z( 

9, 

16) = 

0 

Z( 

9, 

17) = 

0 

Z( 

9, 

18) = 

0 

Z( 

9 , 

19) = 

0 

Z( 

9, 

20) = 

0 

Z( 

9, 

21) = 

0 

Z(10, 

1) = 

0 

zc 

LO, 

2 ) = 

0 

Z ( 10 , 

3 ) = 

0 


57993 02E+0 1 -0 
1323 194E+02 -0 
4475594E+02 -0 
4184994E+03 -0 
96043 52E+03 -0 
4184994E+03 -0 
4475594E+02 -0 
1323 194E+02 -0 
57993 02E+01 -0 
313101 1E+0 1 -0 
1919739E+01 -0 
1278995E+01 -0 
9010428E+00 -0 
6590829E+00 -0 
4940229E+00 -0 
3756340E+00 -0 
2872772E+00 -0 
2 192 344E+0 0 -0 
1655427E+00 -0 
1278995E+01 -0 
1919739E+01 -0 
3131011E+01 -0 
57993 02E+01 -0 
1323 194E+02 -0 
4475594E+02 -0 
4184994E+03 -0 
9604352E+03 -0 
4184994E+03 -0 
4475594E+02 -0 
1323 194E+02 -0 
57993 02E+0 1 -0 
313 1011E+01 -0 
1919739E+0 1 -0 
1278995E+01 -0 
9010428E+0 0 -0 
6590829E+0 0 -0 
4940229E+0 0 -0 
3756340E+0 0 -0 
2872772E+0 0 -0 
2192344E+00 -0 
9010428E+0 0 -0 
127 8995E+0 1 -0 
1919739E+01 -0 
3131011E+01 -0 
5799302E+01 -0 
1323194E+02 -0 
447 5594E+02 -0 
4184994E+03 -0 
9604352E+03 -0 
4184994E+03 -0 
447 5594E+02 -0 
1323 194E+02 -0 
5799302E+01 -0 
3 13 1011E+ 01 -0 
1919739E+01 -0 
1278995E+01 -0 
9010428E+00 -0 
6590829E+00 -0 
4940229E+00 -0 
3756340E+00 -0 
2872772E+00 -0 
659 0829E+ 00 -0 
9010428E+00 -0 
1278995E+01 -0 


. 2852054E+00 j 
. 2892089E+00 j 
. 292 093 0E+ 00 j 
. 2938329E+00 j 
. 2944177E+ 00 j 
. 2938329E+00 j 
. 292 093 0E+ 00 j 
. 2892 089E+ 00 j 
. 2852054E+00 j 
. 280 1163E+00 j 
. 2739840E+ 00 j 
. 2668600E+00 j 
. 2588035E+00 j 
. 2498812E+00 j 
. 2401658E+00 j 
. 2297367E+00 j 
. 2 18 677 6E+00 j 
.2 07 07 67E+00 j 
. 19 50254E+00 j 
. 2 668600E+00 j 
. 2739840E+00 j 
. 2801163E+00 j 
. 2 852 054E+00 j 
. 2 892 089E+00 j 
. 2 92 093 OE+OOj 
. 2 938329E+00 j 
. 2 944177E+00 j 
. 2 938329E+00 j 
. 2 92 093 0E+00 j 
. 2 892089E+00 j 
. 2 852054E+00 j 
.2801163 E+OOj 
. 273 9840 E+OOj 
.2 668600 E+OOj 
. 2 58803 5E+00 j 
. 2498812E+00 j 
. 2401658E+00 j 
. 2297367E+00 j 
. 2 18677 6E+00 j 
.2 0707 67E+00 j 
. 2 58803 5E+00 j 
. 2 668600E+00 j 
. 2739840E+00 j 
. 2801163E+00 j 
. 2852054E+00 j 
.2892089 E+OOj 
. 292093 OE+OOj 
. 2938329E+00 j 
. 2944177E+00 j 
. 2938329E+00 j 
. 2920930E+00 j 
. 2892089E+00 j 
. 2852054E+00 j 
. 2801163E+00 j 
. 2739840E+00 j 
. 2668600E+00 j 
. 2588035E+00 j 
. 2498812E+00 j 
. 2401658E+00 j 
. 22973 67E+00j 
. 218677 6E+00 j 
. 2498812E+00 j 
. 2588035E+00 j 
. 2 66860 OE+OOj 


Z(10, 

4) = 

0 

Z(10 f 

5 ) = 

0 

Z(10 f 

6) = 

0 

Z(10, 

7 ) = 

0 

Z(10, 

8 ) = 

0 

Z(10, 

9 ) = 

0 

z< 10 , 

10) = 

-0 

Z(10, 

1D = 

0 

Z(10, 

12) = 

0 

Z(10, 

13) = 

0 

Z(10, 

14) = 

0 

Z(10, 

15) = 

0 

Z(10, 

16) = 

0 

Z(10 r 

17) = 

0 

Z(10, 

18) = 

0 

Z(10, 

19) = 

0 

Z(10 r 

20) = 

0 

Z(10, 

21) = 

0 

Z(11, 

1) = 

0 

Z(ll f 

2 ) = 

0 

Z(ll, 

3 ) = 

0 

Z(ll, 

4) = 

0 

Z(ll f 

5) = 

0 

Z(ll f 

6) = 

0 

Z(ll, 

7 ) = 

0 

Z(ll f 

■ 8 ) = 

0 

Z(ll, 

9) = 

0 

Z (11, 

10) = 

0 

Z(ll f 

11) = 

0 

Z(ll f 

12) = 

0 

Z(ll f 

13) = 

0 

Z(11, 

14) = 

0 

Z(11, 

15) = 

0 

Z(ll, 

16) = 

0 

Z(U, 

17) = 

0 

Z(ll f 

18) = 

0 

Z (11, 

19) = 

0 

Z(ll, 

20) = 

0 

Z(11, 

21) = 

0 

Z ( 12 , 

1) = 

0 

Z ( 12 , 

2 ) = 

0 

z(12 # 

3 ) = 

0 

Z ( 12 , 

4 ) = 

0 

Z(12, 

5 ) = 

0 

Z (12, 

6) = 

0 

Z { 12 , 

7 ) = 

0 

Z{12 # 

8 ) = 

0 

Z (12 / 

9 ) = 

0 

Z (12 y 

10) = 

0 

Z(12, 

11) = 

0 

Z(12y 

12) = 

-0 

Z{12, 

13) = 

0 

Z(12, 

14) = 

0 

Z(12y 

15) = 

0 

Z (12 # 

16) = 

0 

Z(12y 

17) = 

0 

Z{12y 

18) = 

0 

Z(12y 

19) = 

0 

Z (12/ . 

20) = 

0 

Z{12, 

21) = 

0 

Z(13y 

D = 

0 

Z(13y 

2 ) = 

0 

Z<13, 

3 ) = 

0 

Z (13y 

4 ) = 

0 


1919739E+01 - 
3 13 1011E+01 - 
57993 02E+01 - 
1323 194E+02 - 
4475594E+02 - 
4184994E+03 - 
96043 52E+03 - 
4184994E+03 - 
4475594E+02 - 
1323 194E+02 - 
57993 02E+01 - 
3131011E+01 - 
1919739E+01 - 
127899 5E+01 - 
9010428E+00 - 
6590829E+00 - 
4940229E+00 - 
3756340E+00 - 
4940229E+00 - 
6590829E+00 - 
9010428E+00 - 
127899 5E+01 - 
1919739E+01 - 
3131011E+01 - 
57993 02E+01 - 
1323 194E+02 - 
4475594E+02 - 
4184994E+03 - 
96043 52E+03 - 
4184994E+03 - 
4475594E+02 - 
1323 194E+02 - 
57993 02E+01 - 
3131011E+01 - 
1919739E+01 - 
1278995E+01 - 
9010428E+00 - 
6590829E+00 - 
4940229E+00 - 
3756340E+00 - 
4940229E+00 - 
6590829E+00 - 
9010428E+00 - 
1278995E+01 - 
1919739E+01 - 
3131011E+01 - 
5799302E+01 - 
1323 194E+02 - 
4475594E+02 - 
4184994E+03 - 
96043 52E+03 - 
4184994E+03 - 
447 5594E+02 - 
13 23 194E+02 - 
57 9 93 02E+0 1 - 
3 13 1011E+0 1 - 
1919739E+0 1 - 
1278995E+0 1 - 
9010428E+0 0 - 
659 0829E+0 0 - 
2872772E+0 0 - 
3756340E+0 0 - 
4940229E+0 0 - 
659 0829E+0 0 - 


0 . 273 9840E+ 00 j 
0 . 2801163E+00 j 
0 . 2852 054E+00 j 
0 . 2892 089E+00 j 
0 . 2920930E+00 j 
0 . 293 8329E+ 00 j 
0 . 2944177E+00 j 
0 . 293 8329E+00 j 
0 . 292 0930E+00 j 
0 . 2892 089E+00 j 
0 . 2852 054E+00 j 
0 . 2801 163E+00 j 
0 . 273 9840E+00 j 
0 . 2668600E+00 j 
0 . 2588035E+00 j 
0 . 2498812E+00 j 
0 . 2401658E+00 j 
0 . 22973 67E+00j 
0 . 240 1658E+00 j 
0 . 2498812E+00 j 
0 . 2588035E+00 j 
0 . 2668600E+00 j 
0 . 273 9840E+00 j 
0 . 2801163E+00 j 
0 . 2852054E+00 j 
0 . 2892089E+00 j 
0 . 292 0930E+00 j 
0 . 293 8329E+00 j 
0 . 2944177E+00 j 
0 . 293 8329E+ 00 j 
0 . 292 0930E+00 j 
0 . 2892089E+00 j 
0 . 2852054E+00 j 
0 . 2801163E+00 j 
0 . 2739840E+ 00 j 
0 . 2 668600E+ 00 j 
0 . 2588035E+00 j 
0 . 2498812E+00 j 
0 . 240 1658E+00 j 
0 . 2297367E+00 j 
0 . 2401658E+00 j 
0 . 2498812E+00 j 
0 . 2588035E+00 j 
0 . 2 668600E+00 j 
0 . 2739840E+00 j 
0 . 2801163E+00 j 
0 . 2 852054E+00 j 
0 . 2892089E+00 j 
0.2920930 E+OOj 
0 . 2 938329E+00 j 
0 . 2 944177E+00 j 
0.2938329 E+OOj 
0.2920930 E+OOj 
0.2892089 E+OOj 
0 . 2 852054E+00 j 
0.2801163 E+OOj 
0 . 2739840E+00 j 
0 . 2 668600E+00 j 
0 . 2 58803 5E+00 j 
0 . 2498812E+00 j 
0 . 2 186776E+00 j 
0 . 2297367E+00 j 
0 . 2401658E+00 j 
0 . 2498812E+00 j 
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Z ( 13 , 5) = 0.9010428E+00 -0 
Z ( 13 , 6 ) = 0. 1278995E+01 -0 
Z ( 13 , 7 ) = 0 . 1919739E+01 -0 
Z ( 13 , 8 ) = 0 . 3131011E+01 -0 
Z ( 13 , 9 ) = 0 . 5799302E+01 -0 
Z ( 13 r 10 ) = 0.132 3 194E+02 -0 
Z ( 13 , 11 ) = 0 . 447 5594E+02 -0 
Z (13 / 12 ) = 0 . 4184994E+03 -0 
Z ( 13 , 13 ) = -0 . 9604352E+03 -0 
Z ( 13 , 14 ) = 0 . 4184994E+03 -0 
Z (13 , 15 ) = 0 . 4475594E+02 -0 
Z (13 , 16) = 0 . 1323 194E+02 -0 
Z (13 , 17 ) = 0 . 5799302E+01 -0 
Z(13,18)= 0.3131011E+01 -0 
Z(13,19)= 0. 1919739E+01 -0 
Z ( 13 , 2 0 ) = 0 . 1278995E+01 -0 
Z (13 , 21) = 0 . 9010428E+00 -0 
Z{14, 1)= 0 . 2 192344E+00 -0 
Z(14, 2 ) = 0 . 2872772E+00 -0 
Z ( 14 , 3 ) = 0 . 3756340E+00 -0 
Z ( 14 , 4 ) = 0 . 4940229E+00 -0 
Z ( 14 , 5) = 0 . 6590829E+00 -0 
Z ( 14 , 6) = 0 . 9010428E+00 -0 
Z ( 14 , 7 ) = 0. 1278995E+01 -0 
Z ( 14 , 8 ) = 0 . 1919739E+01 -0 
Z ( 14 , 9 ) = 0 . 313 10 11E+01 -0 
Z ( 14 , 10 ) = 0 . 57993 02E+01 -0 
Z ( 14 , 11 ) = 0. 1323194E+02 -0 
Z ( 14 , 12 ) = 0 . 4475594E+02 -0 
Z ( 14 , 13 ) = 0 . 4184994E+03 -0 
Z ( 14 , 14 ) = -0 . 9604352E+03 -0 
Z ( 14 , 15 ) = 0 . 4184994E+03 -0 
Z ( 14 , 16 ) = 0 . 447 5594E+02 -0 
Z ( 14 , 17 ) = 0. 1323194E+02 -0 
Z ( 14 , 18 ) = 0 . 57 99302E+ 01 -0 
Z ( 14 , 19 ) = 0 . 3 13 1011E+01 -0 
Z (14, 20) = 0 . 1919739E+01 -0 
Z { 14 , 2 1 ) = 0 . 1278995E+01 -0 
Z ( 15 , 1)= 0 . 1655427E+00 -0 
Z ( 15 , 2 ) = 0 . 2 1923 44E+00 -0 
Z { 15 , 3 ) = 0 . 2872772E+00 -0 
Z { 15 , 4 ) = 0.37563 4 0E+00 -0 
Z < 15 , 5) = 0 . 4940229E+00 -0 
Z(15, 6) = 0 . 6590829E+00 -0 
Z(15, 7 ) = 0 . 9010428E+00 -0 
Z ( 15 , 8 ) = 0 . 1278995E+01 -0 
Z ( 15 , 9 ) = 0. 1919739E+01 -0 
Z ( 15 , 10 ) = 0 . 313 1011E+01 -0 
Z ( 15 , 11 ) = 0 . 57993 02E+0 1 -0 
Z ( 15 , 12 ) = 0. 1323194E+02 -0 
Z ( 15 r 13 ) = 0 . 447 5594E+02 -0 
Z ( 15 , 14 ) = 0 . 4184994E+03 -0 
Z (15, 15) = -0 . 9604352E+03 -0 
Z (15, 16 ) = 0 . 4184994E+03 -0 
Z (15, 17) = 0 . 4475594E+ 02 -0 
Z ( 15 , 18 ) = 0 . 1323 194E+ 02 -0 
Z (15, 19) = 0 . 5799302E+01 -0 
Z ( 15, 20 ) = 0 . 3 13 1011E+ 01 -0 
Z (15, 21) = 0 . 191973 9E+01 -0 
Z ( 16 , 1)= 0 . 1223871E+00 -0 
Z (16, 2 ) = 0 . 1655427E+00 -0 
Z ( 16 , 3 ) = 0 . 2 192344E+00 -0 
Z ( 16 , 4 ) = 0 .2872772E+00 -0 
Z ( 16 , 5 ) = 0 . 3756340E+00 -0 


. 2588035E+00 j Z(16, 6)= 0. 

. 2 668600E+00 j Z(16, 7)= 0. 

. 2739840E+00 j Z(16, 8)= 0. 

.2801163 E+OOj Z ( 16 , 9)= 0. 

. 2 852054E+00 j Z(16,10)= 0. 

. 2892089E+00 j Z(16, 11)= 0. 

. 2920930E+00 j Z(16,12)= 0. 

. 29383 2 9E+00 j Z(16,13)= 0. 

. 2944177E+00 j Z(16,14)= 0. 

. 29383 29E+00j Z(16,15)= 0. 

. 292093 OE+OOj Z(16,16)= -0. 
. 2892089E+00 j Z(16,17)= 0. 

. 2852054E+00 j Z(16,18)= 0. 

. 2801163E+00 j Z ( 16 , 19 ) = 0. 

.273984 OE+OOj Z(16,20)= 0. 

. 2 668600E+00 j Z<16,21)= 0. 

. 2588035E+00 j Z(17, 1)= 0. 

.20707 67E+0 0 j Z(17, 2)= 0. 

. 218677 6E+0 0 j Z(17, 3)= 0. 

. 22973 67E+0 Oj Z(17, 4)= 0. 

. 2401658E+00 j Z(17, 5)= 0. 

. 2498812E+00 j Z(17, 6)= 0. 

. 2588035E+00 j Z(17, 7)= 0. 

. 2668600E+00 j Z(17, 8)= 0. 

. 2739840E+00 j Z(17, 9)= 0. 

.2801163 E+ 0.0 j‘Z(17, 10)= 0. 

. 2 852054E+00 j Z(17,ll)= 0. 

. 2 892089E+00 j Z(17,12)= 0. 

. 292093 OE+OOj Z(17,13)= 0. 

. 2938329E+00 j Z(17,14)= 0. 

. 2944177E+00 j Z(17,15)= 0. 

. 293832 9E+00j Z(17,16)= 0. 

. 292093 OE+OOj Z(17,17)= -0. 

. 2892 089E+00 j Z(17,18)= 0. 

. 2852054E+00 j Z(17,19)= 0. 

. 2801163E+00 j Z { 17 , 2 0 ) = 0. 

. 2739840E+00 j Z(17,21)= 0. 

. 2668600E+00 j Z(18, 1)= 0. 

. 1950254E+00j Z(18, 2)= 0. 

. 2070767E+00 j Z(18, 3)= 0. 

. 2186776E+00 j Z(18, 4)= 0. 

. 2297367E+00 j Z(18, 5)= 0. 

. 2401658E+00 j Z(18, 6)= 0. 

. 2498812E+00 j Z(18, 7)= 0. 

. 2588035E+00 j Z(18, 8)= 0. 

.2668600 E+OOj Z(18, 9)= 0. 

. 2739840E+00 j Z(18,10)= 0. 

. 2801163 E+OOj Z ( 18 , 11 ) = 0. 

. 2852054E+00 j Z(18,12)= 0. 

. 2892089E+00 j Z(18,13)= 0. 

. 292093 OE+OOj Z(18,14)= 0. 

.29383 2 9E+00 j Z(18,15)= 0. 

. 2944177E+00 j Z(18,16)= 0. 

. 2938329E+00 j Z(18,17)= 0. 

. 292093 OE+OOj Z(18,18)= -0. 

. 2892089E+00 j Z(18,19)= 0. 

. 2852054E+00 j Z(18,20)= 0. 

. 2801163E+0 0 j Z ( 18 , 2 1 ) = 0. 

. 273 9 840E+0 0 j Z{19, 1)= 0. 

. 1826168E+00j Z(19, 2)= 0. 

. 1950254E+00j Z{19, 3)= 0. 

. 2070767E+00j Z ( 19 , 4)= 0. 

. 2186776E+00 j Z(19, 5)= 0. 

. 2297367E+00 j Z(19, 6)= 0. 


4940229E+00 -0 . 2401658E+00 j 
6590829E+00 -0 . 2498812E+00 j 
9010428E+0 0 - 0 . 2 58803 5E+00 j 
1278995E+0 1 -0 . 2 668600E+00 j 
1919739E+0 1 -0 . 2739840E+00 j 
3 13 1011E+0 1 -0.2801163 E+OOj 
57 9 93 02E+0 1 -0 . 2852054E+00 j 
1323 194E+02 -0 . 2892089E+00 j 
4475594E+02 -0 . 292093 OE+OOj 
4184994E+03 -0 . 2938329E+00 j 
9604352E+03 -0 . 2944177E+00 j 
4184994E+03 -0 . 2938329E+00 j 
4475594E+02 -0 . 2920930E+00 j 
1323194E+02 -0 . 2892089E+00 j 
5799302E+01 -0 . 2852054E+00 j 
3 13 1011E+ 01 -0 .2801163 E+OOj 
8723569E- 01 -0 . 1699458E+00 j 
1223871E+00 -0 . 182 61 68E+0 0 j 
1655427E+00 -0 . 1950254E+00 j 
2 192344E+00 -0 . 2070767E+00 j 
2872772E+00 -0 . 2186776E+00 j 
3756340E+00 -0 . 2297367E+00 j 
494022 9E+00 - 0 . 240 1 658E+ 00 j 
659082 9E+00 - 0 . 249 8812E+ 00 j 
9010428E+00 -0 . 2588035E+00 j 
1278995E+01 - 0 . 2 668600E+00 j 
1919739E+01 -0.2739840 E+OOj 
313101 1E+0 1 -0 .2801163E+00j 
57993 02E+01 -0 . 2852054E+00 j 
1323 194E+02 -0 . 2892089E+00 j 
4475594E+02 - 0 . 2 92 093 OE+OOj 
4184994E+03 -0 . 2938329E+00 j 
96043 52E+03 -0 . 2944177E+00 j 
4184994E+03 -0 . 2 9383 2 9E+00 j 
447 5594E+02 -0 . 292093 OE+OOj 
1323 194E+02 -0 . 2892089E+00 j 
5799302E+01 -0 . 2852054E+00 j 
5835235E-01 -0 . 1571072E+00 j 
8723569E- 01 -0 . 1699458E+00 j 
1223871E+00 -0 . 1826168E+00 j 
1655427E+ 00 -0 . 19502 54E+0 Oj 
2 192344E+00 -0 . 2 0707 67E+0 0 j 
2872772E+00 -0 . 2186776E+00 j 
3756340E+00 -0 . 2297367E+00 j 
494022 9 E+ 00 -0 . 2401658E+00 j 
659082 9E+00 -0 . 2498812E+00 j 
901042 8E+00 -0 . 2588035E+00 j 
1278995E+01 -0 . 2668600E+00 j 
1919739E+01 -0.2739840E+00j 
3131011E+01 -0.2801163 E+OOj 
57993 02E+01 -0 . 2852054E+00 j 
1323 194E+02 -0 . 2892089E+00 j 
4475594E+02 -0 . 2920930E+00 j 
4184994E+03 -0 . 2938329E+00 j 
96043 52E+03 -0 . 2 944177E+00 j 
4184994E+03 -0 . 2938329E+00 j 
447 5594E+02 -0 . 292093 OE+OOj 
13 2 3 194E+02 -0 . 2892089E+00 j 
3451 012E- 0 1 -0 . 1441954E+00 j 
5835235E-01 -0 . 1571072E+00 j 
8723 569E- 0 1 -0 . 1699458E+00 j 
1223871E+00 -0 . 1826168E+00 j 
1655427E+00 -0 . 19502 54E+00j 
2 192344E+0 0 -0 . 2070767E+00 j 
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Z(19, 

7 ) = 

0 . 2872772E+00 

Z ( 19 , 

8) = 

0 . 3756340E+00 

Z ( 19 , 

9) = 

0 . 4940229E+00 

Z(19, 10)= 

0. 6590829E+00 

Z ( 19 , 

1D = 

0 . 9010428E+00 

Z ( 19 , 

12) = 

0. 1278995E+01 

Z ( 19 , 13 ) = 

0 . 1919739E+01 

Z ( 19 , 

14) = 

0.3131011E+01 

Z < 19 , 15 ) = 

0 . 57993 02E+01 

Z(19, 16)= 

0 . 1323 194E+02 

Z ( 19 , 

17) = 

0 . 4475594E+02 

Z ( 19 , 

18) = 

0 . 41849 94E+03 

Z ( 19 , 

19) = 

-0 . 96043 52E+03 

Z(19, 

20) = 

0 .4184994E+03 

Z ( 19 , 21) = 

0 . 4475594E+02 

Z ( 2 0 , 

1) = 

0 . 1481668E-01 

Z (20, 

2 ) = 

0 . 34510 12E-01 

Z (20, 

3) = 

0 . 5835235E-01 

Z ( 2 0 , 

4) = 

0 . 8723 569E- 01 

Z ( 2 0 , 

5) = 

0 . 1223 87 1E+00 

Z (20, 

6) = 

0. 1655427E+00 

Z ( 2 0 , 

7 ) = 

0 . 2192344E+00 

Z ( 2 0 , 

8) = 

0 . 2872772E+00 

Z ( 2 0 , 

9) = 

0 .3756340E+00 

Z ( 2 0 , 

10) = 

0 . 4940229E+00 

Z ( 2 0 , 

11) = 

0 . 6590829E+00 

Z ( 2 0 , 

12) = 

0 . 9010428E+00 

Z ( 2 0 , 13 ) = 

0 . 1278995E+01 

Z ( 2 0 , 14 ) = 

0. 1919739E+01 

8-C 

V 

). 

O 

s 

ll 

«=*< 


0 . 2186776E+00 j Z{20 / 15) 
0 . 22 97367E+00 j Z{20,16) 
0 . 2401658E+00 j Z (20, 17) 
0.2498812 E+OOj Z(20, 18) 
0 . 2588035E+00 j Z(20, 19) 
0 . 2668600E+00 j Z(20,20) 
0 . 2739840E+00 j Z(20 / 21) 
0 . 280 1163E+00 j Z{21, 1) 
0 . 2852 054E+00 j Z(21, 2) 
0 . 2892 089E+00 j Z(21, 3) 
0 . 2920930E+00 j Z(21, 4) 
0 . 293 8329E+00 j Z(21, 5) 
0 . 2944177E+00 j Z(21, 6) 
0 . 2938329E+00 j Z(21, 7) 
0.2920930 E+OOj Z(21, 8) 
0 . 1313030E+00 j Z ( 2 1 , 9) 
0 . 1441954E+00 j Z(21,10) 
0 . 157 1072E+ 00 j Z(21,ll) 
0 . 1699458E+ 00 j Z(21,12) 
0 . 182 6168E+00 j Z(21,13) 
0 . 1950254E+00j Z(21,14) 
0 . 2070767E+00 j Z(21,15) 
0 . 218 677 6E+ 00 j Z(21,16) 
0 . 2297367E+00 j Z < 2 1 # 17 ) 
0 . 2401658E+00 j Z(21,18) 
0 . 2498812E+ 00 j • Z’(21, 19) 
0 . 2588035E+00 j Z(21,20) 
0 . 2668600E+00 j Z(21,21) 
0 . 2739840E+00 j 


= 0.313 1 011E+0 1 
= 0 . 5799302E+01 
= 0. 1323194E+02 
= 0 . 447 5594E+02 
= 0 . 4184994E+03 
= -0 . 9604352E+03 
= 0 . 4184994E+03 
= -0. 1395117E-02 
= 0 . 148 1668E- 0 1 
= 0 . 3451012E-01 
= 0.583 523 5E- 0 1 
= 0 . 8723 569E- 01 
= 0 . 1223871E+00 
= 0. 1655427E+00 
= 0 . 2 192344E+ 00 


2 872772E+ 00 
3756340E+00 
4940229E+00 
6590829E+00 


= 0 . 9010428E+00 
= 0 . 1278995E+01 
- 0 . 1919739E+01 
= 0.3131011E+01 
= 0 . 5799302E+01 
= 0 . 1323 194E+02 
= 0 . 4475594E+02 
= 0 . 4184994E+03 
= -0. 9604352 E+ 03 


-0.2801163 E+OOj 
-0.2852054E+00j 
-0.2892089 E+OOj 
-0.2920930 E+OOj 
-0.2938329E+00j 
-0.2944177E+00j 
-0 . 2938329E+00 j 
-0 . 1185201E+00 j 
-0. 1313030E+00j 
-0.1441954E+00j 
-0.1571072E+00j 
-0 . 1699458E+00 j 
-0 . 1826168E+00 j 
-0 . 19502 54E+00 j 
-0.2070767E+00j 
-0.218677 6E+00 j 
-0.22973 67E+00j 

- 0 . 2401658E+00 j 

- 0 . 2498812E+00 j 
-0 . 2588035E+00 j 
-0 .2668600 E+OOj 
-0.2739840E+00j 
-0 .2801163 E+OOj 
-0.2852054E+00j 
-0.2892089E+00j 
-0.2920930E+00j 

- 0 . 293 8329E+0 0 j 
-0.2944177E+00j 


Delta. &ap 

Zi n = 8.l7Xlo 6 ~j2.75Xlo‘ L oUs 


Magnetic Frill 
0.2133 -j 421.4 ohms 


Vd^ 

Antenna Length 

V4 = 0.2 5 A 

/Antenna Length 
i= 3 V4 - o. 75- A. 


Radius 

a 

Impedance 

Rc\dLiuS 

a 

impedance 

Vd = 50 

q=o.0(USA 

0.i23e2-ja3453 e3 

0 . 0075 * 

0-5325&3 + ] 0.1 844 e3 

</d=25 

a=aoo5A 

O.H37e2-jfl,2477e3 

a =0.0 15 A 

0.4053 e3-j 0.1269(23 

Vd-io 9 

6=1.25/10® 

o.i3ioie2-jo.isii e4 


0.3406 e3+j° "77 e4 


Usin<j. 20 subsections and Fallen Computer P rggraxn 


(Continued) 
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Magnitude Magnitude 


8-7 cc ont } d; 


0.004 


0.0035 


0.003 


0.0025 


0.002 


0.0015 


0.0005 


0.004 


0.003 


0.002 


0.001 
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8~7CCont clj 


Radiation Pattern Of Dipole Antenna ( L = ^/4 ) (Prob. 8-7) 

0 



Radiation Pattern Of Dipole Antenna ( L =3 x 7^/4 ) (Prob. 8-7) 

0 



l/d=50 (*"0.0075 ) 

1/d =25 (*=0.015 ) 
l/d-IO«0 ( * * 3.75. 10 ) 
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8-8 H-.^KA =-<5, if 1 ft, 

Since the field is not - <x flection of 0 , because of +he a^imuihal symmetry, 

I s \ . I I. ^ /M ' /t — TT/m I wv ^ /*- 




O l ri '■v mi v— j '** ”u/* j iv » i wj yu y * — ’■■ - — *. y y 

"Hie observations can be made at any angle pC Choosing $ = ^/z reduces ar 

X and ^ to 
(>CoS 0 = 0 1 

3 =e siv *=C I o_f ^ &) 

A -S. 
df =a 3 

and (1), 

H = - <£p Jlr { J sin[k(|-+Z , ;J — d? / -+-j sinffeCr -€')] ^*d?' ) (3) 

Smr*f4:±r)J = - e 

reduces ( 3) tx> 

H* = - Wf i e ,i<W/i 

J* 

+ jfjtM/a) r J ‘_d_| ~ ' ]cii^~e r '"''^ , \ 2 1 GJ 

I R -I Jo 

The third term ^ithm the brackets Can be written as 

(I / . I- y M . k / t 


■*j 


( 4 ) 


r ° ^ 

4 -r 


- ^>k{R-reO-] 


■ R J JV 3 l 

R J‘ 


( 5 ) 


(l) 


+j(-fet/aj ^ rei* fR+e/ ' ) l , y 

L ^\-n— r* 

=^ <Wl) p[u + )i*' 

"file "two terms of (6) ^ aV) be £*psnded £0 

JLj-g.)k0H«9] = £-^ € )ktfz\pHi i-i') 1 - + *') 2 = ~3* ; fr-a) 

^R)=^j-{(> i - + r + 

Thus (6) Coin be expressed as 

4 1 ^ 


C6 1; 


»« 

Consider noco differential of 

d[ R -f£^ ] ^iR-CKn'-t)-^’ 0 J 


= e 


R(R+ €'-2) 
ifeR+r; r dR 


[ 


(R+ ?'-?■;> 


dCRt ?'-*.> .. dfR+?"d 

— 1 k 


., dCR-t-g-^ "I 

J * R(R+?'-e-) J (Continued) 


CO 


C8) 


Z64 



8-8 (Cont’d) 

Each term o;f C 8) Can be written os' 

dR^_ _r 

:-i) L 


olCR+a'-^r’ _ _ ~ 

r 


* — — Id?" 


R-*(R+ ?'-*.) 

CK+z / -a)' J 'dfR+?'-e; 


R 




R*CR+Z'-Z) 


■] 


J LRfR+2'-2) J ; 

Adding C3)~Clo) reduce, (fe) to 

L RCR+z'-z) J 1 RJ J R J 

Uibich is av) exact differential . 

With -the aid of C\3), CG) can be integrated and expressed as 
4 J -ikCR+^O 


»u. mcr o\ ^ — ‘'J 1 

z-t/a. d r ^feCR*?') 1 , . . +jCW/Or%-.r e) 

• J o %[ j„ J[ RtRt ,/- W J 

- „ jcw/^ r + j/y e* hr i 

where according -fo Figure. 8 . 1 (b) far 0 = TT /.2. 

Ki=^r+(*'£T 

r«/^^+¥ 2 - 

IWe R,*-f *-«*•» 


} 


Cl3) ^ ay * ^ placed **to ^he Jorrn of 


r 






-d+-p-)ei* r J 

In a similar wanner, the other terms of (5) can be written as 


+ e 


j(b/i)f° s_r e )fcf *~* /; i J;/ 


C3; 

cio; 

Oi; 

0*0 


03 d 

(14; 

os; 


(16) 


O 60 .) 


(Cohfinued j 



8-8 C Cant cl) 

= j) ^ + j «*>* Cfe' ^) 


R3 

><«(*- eO 


-a -+ 


±j gife-i 


_ e -)c ww p a [ e££lij d« - 

= + } *^ , - i/ *' 3 - ci-^K^J 

(oV ' fre 

Usin^ (l6)-CI6c) reduces (5) to 

H * = "&]- i [ e » kKl + e'i k *' - 2 cos (U ) e> kr ] 

E= = I^J + Q e e 

which reduces •'" * he P ,ay > e Cj:==0 > to 

c _ r _-L_^ 
hp “ ^ Jto6 

E* « jwi" f ^ 

Since (5 = ^_. Thus 

e p - JH l® 1 **'*^ -k**^*] } 


a tra 


- - T 1 
“J c 


41T^ 


[M) 


< °^ K| +(Z+l) g|^’ . -i?CoS 


R. 


ft 


E.- 0 4 Hl’^t i 


ci6t; 

(He) 

OU) 

07 ) 


e ■ 



>(a 
(I?) 
nw 

U«) 


< ^ f»o 
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8-9. R l - m sR r =€0{Ci-«Jlf^)-Ci(^ < ) + isir.(fej0 [Si62H«-2SiCM)J 

+ ^ Cos(H) [ctfe (Mz) + C; Cs-kSL) - 30 Chi) ] | 

X; m = 30f a«:(M)+(«cU) [*&(**>“ 5&< a *0] 

- Sin ( kl) [2 Ci cW) -Q Cafefi) - Ci (^-* ) ] } 

Cohere C - 0.577Z z 

QC according to 

R;« = tfim/Csitfc/U/iO), Xin = X^/csjrVW/o) 

a. Jl= a /4 .- i»i= */ 2 , a*a‘/£ = Vs = 6.12566 , klA = "A 

Ci (kl) - 0. 47 fin (M/a.) = -0.24156 
C; (2 kl) = 0 . 074 : fin (hi) = 0.45158 

Si(kl)=l -37 CiOhaViJ* 0.577+ in (o.l2S66)do$77-4 074/ 

Si (a-W) = * 65| ~ L_r r 1-51 * 7 

Suks+tirtin^- these numbers into the previous equations jeads +0 

Ri*. 2:6.844 , Rin * 2.C6. 844; =13.688 
X;«t 2: 10.7/0 , X.n = 2 Clo.7/o) = ^l 4io 

b. J[= A/i : hl=TT, ^M=2TT> ^ayi « Vl6 = O.D£2g3, c Vs 

G(*D= 0.07367 fiYl(*VO = 0.45|5S 

Ci C2M) = -0.02256 fin C M) - I - 1 447-2-? 

SiC-W) “ I 85] Ci(2k&Vl) ~ 0.577 4 in ( 0 . 062 . 53 ) Or 0.577-2.7672. 

These ^ielcl 2r73. 123, Rrn-73. U3 ~L ~ V l9 ° 

X;„ ^42.546, Xin = 42. 546 

c fi= 3A/ 4 : ^ = 3TT/a, 2hfi=3tf, 2UV*= 0.04188, MA =j V 4 
C; (hi) = -0.178 ih(M/a.) = 0.857 

Ci Ohi) - 0 0107 1 h (kl) = /• 5502. 

Si (AD = i.fiooo Ci (^<eaVA) ^ o.577+A«ro.o4/ 68) C:0.577-3./72? 

Si Ci^t) = 1-6746 1 

These yielis Rim — 185-274 , R-in =370.548 
X; W Or (6 1687 , Xf, =323.378 


d. 


jUa : 

d(kL)~ -0.02256 
CiCzkl) = -o.oo 6/2 
Si (W)= /• 4(82 
Si (2kl)= I.4V25 


2*aVX= s ©o3l4i5, kL/z = n 
$n(.M/a) = 114472? 
fin(M) - 1-837877 
Ci Ubo ?-/*) ~ 6-577 + in (a-03(4(S) 
^ 0.577-3.4605 * -2. 8837 


These ^ield Rim i 179. 068 , R.'n = I9?-068 /o = 00 
Xim — 1*5. 40?, X(> = U5.4o?/o - 00 



0-10. The resonant ien^th will be found Usin<j a "trial and error " method. 
f\ ieYkjtVi uil| fee assumed and the corresponding reactance will be 
found usinj the equation 

= 30 jzSiCH) + Cb$cU)[2Si(hl) ~ Sib -hi)] -smOiil^QCMfaQ^-Q^jj 
Tbe length for which V; w ^:0 Will be the reson^t length of- -die dipole. J 

(X. Initially a. J2. = o.95Co. 5A) - 0-475A was assamed . far this 
M~ - 2 - 785 , ^W=S-96?, ^O.Va| = 6 . 6138 X 10 ^ 

l / 1 \ ft=>ViOO 

Si CM) - 1-648 a>sCM) = -0.?g77 

Si (.* 41 ) = 1-425 slnckl)- o.is -64 

Ci(hi) = 0 - 1 * CiC^ 7 A) = QnC^A) + 0 . 5772 +in^kaVA) 

Ci(a*|) » -a.07 | ^ 0 + 0-577-2 -7.32* -*-W3 

These ie^ci Xfm" 9.657^0 For +he flexir attempt Ae£ 
i- o.J3 Co. 5) = 0.46$/V , For this 
W « 2 .?il 7 , 4 *i = 5.843d ; ^MYa * 6 756 *lo' 4 

Si Chi) -1.644 CoSCH) = -0.775? 

S;(ahl) - 1-434 Sinfhi) = 0 -2|fi | 

Q Chi) = 0. |35 G ^haVA) = Q n (**ay A ) +0.5774 + in (^Va) 

C-C2hl) =r -0.072. —o +0.5774-730 -- 6-72 28 

These Jkad +o 

X,m =30 {-2(1-844) -0.775? 1-844)- /-434l -0-48| fa-(o./35)+0-0?i-(-^7^5)]) 

X;*, - -1.706 o=o 

We i4.i| *tx4e. i^o.46 5A tube the appm^intaie resonant ien^tb. 

b. For J?= 0 - 465 A 

p r =60 {o.S772+ -in (2.92/7) -0.135+^(0-481) [l-434~4 Cl- 844)] 

+ 2 (“0- ?75?) [o 577-2 -t-in (1-46085) - 0 092 -*( 0-135)} ) 

Rr = 60 ( 6 . 9785) =r 58- 7/ = R in 
n p, _ _ 58-71 _ 50 42_ 

m s'mYhl/i) o.?87?6 


d. r~ Rin~ z c - 69-4-2-50 =0 eg g 


Rir, + 2 c 57-42 + 50 

VSW/R r- l+ '™ - 


1 — ir 1 


+ 0.086 _ | ,|gg 


1 - 0.086 
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8-U Usihj Fij. 8-'7 and F<£8.I8 

a . a= lo s a ^ H ^ o. 4-78 a. , Rr - R\y *r Vo 

b. Q. = l o' 4 A =4 & - 0.476 A, Rr ~ Rim ® &7-S 

C a- lO^A 3 4 - 0.4-70*-, Rr ~ R-iw, - 

d . a = lO^A — 0.44* A, Rr ~ Rim — 5/7 ^ 


More accurate expressions Can be obtained lisin^ equations (8-60) 
by trial ar>c| err or } artel (4 _ ' / 7o). 


8-12. £= a /4 

a. From Figure 4-8 , equations C4-7 3 ) & c8_6 °' ) 

£in “ 73 +j 42- S' for X«V* 

TWfore for 1=^4 above ground plane. 

Hin - iC73+j4?S) =36 S4-jii .as 


b. From Table 7- 2 

p , = t/a = A/ 4 /lQ~ a A 

l + Va A^/|o" 2 A 


0.25 X (0* 

I + 0.25VI0’- 


= ff- 0-1615 


l'= 0.24AF' = 0 . 24 AF / = O. 2 . 4 -TWO.?* 15) = 0 - 2 $°d A 


C. Z\n ^ 34 

j rr _ 2-o _ 34-^0 = -ii. 0.(9 o5- 

' l * Zl -(- 2o ^iv. + 2-o 34 -f-5o 

VSWR. = H~ ir»> 1 , t + Q.lto5' = i % ^r7o6 
I — | Fin I I-O.|?o5 
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8 “13 a. F&ra side- bj/ -side arrangement, 'Hie mutual imp ed««ce is obtained 

USi 11 ^ ( 8 -7/*) ~ (8-7/e >i aliens cfor d= A/ 4 . ) ^ ^ ^ ^ 

S*CW) - SiC^) = I 37076 /|^ 2 iJ(^ 40.76^5713 


Ci(fed)s OC ir 4) =0.472 ) -o-u "uj - i*37u fo / 

'T v * • / | . 

G Wi) =G ft. 1181) -0.0334 Si c Alt) -S; ttllSir) » 1-43 'H*** -* 8 - 34 ?o 5 

QCii J .) = CiCo.ll8ir) = -M534 Si (IL) =SiCo.nfiTv)= o.366?6 /teL 

Thus Riiw> = 30 O C0.U7Z) -0.03334 + 0.45343 = 40.94 f Xai» mj 
Xiim = "36 [* (1-37076 -1-43 - 0.366?6j “ --28.3# '■* -^.i4fof 

b. Fora Coll, 'near arrangement , fte mutual ,'ntpeJance is obtained 
Using ( 8-74C, ) - (6-7-1/ ) tobere c^r S-/V 4 ) =* h = 3 A /4 

G (•«/„) =Ci(3n)- C .0106 StnC^hJ- Sin(3"A)=-l , G»SCJdO=o 

G CA)=G(n) -0.07367 S; (A\fe) =. S; (3Tt) - 1-67476 Wtp4ev . 

C; G/i ) = 0 ( Sir) = 6.003 ffi- SiCl/*) = Si(n) = 185173 &£= 2.04568 

in C\Z 5 ) = *n(S/>; - -0.S87S Si (V.) = S|(Sn) =1 633?6 ^Fm^olseg 

Ttius Rt, m = 156-1) [a(|.67«76 -l-8S/?3 - |.633?6ll = -2-0455 w =-'m<y 

Xiim = I5C-0 [l Co.o|o 6 ) - 0.o736?-o.oo3?5 + 0.58781 - - 7 ?7 


8 “ 14 . Usi ng (8 - (4 <x) 

tobicb for Identical dipoles (Ji- It.) reduces to 
Zld = 2 u + ?IA 

For S = 0.35A. toe obtain from Figure 8.2| ttiat 
Zu * -2.5 -j 6.0 

Since -f, r i =■ A/* t 2 „ = 73 +J42.5 

2 ld a (73 -2 5) ■+) (42.5-6)= 70.5 4j 36-5 

8-15. Examining tbe data of Figure 8.21 and Wing. -that tbe 
Self impedance of a 'Y 2 dipole is Z 11 - 73.+J42-5 , tbe drWmg- 
impedance toith the smallest reactance toill occur toben S0i0.376A 
(abere X-*i - -38.75. Thus for 0.Z7S A. 

Zid ^(73-23) +j(4-2a , -''38-7s; = 50tj3.'75- 

an 4 Jthe neacKue part neuer gets smaller than that . 
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9-1 a. Usihfj 4 Zc = I* 20 ^ Ccotc^)] = 300 ^ oi = 18-76 ' 


b. Usm^ Fi^-9-4^) and extrapolating 

First: =*TTU/a -1^ =» *« - '■#*- 0382X 
Second: => tt Wa — 3 '8 => ^ ~ 2 #A- o.8<? A 

C. Usmg Fig. 3-4(4) 

1I UM-l.i:4'R.'»iiS^in=l^^|=oe4«^VSWR=J15|g a | 2 

'•33 


25^^001 ' 1-0-846 

kU/ A = 28 : =» ft., * 400 =» | n * I 400-300 I g a 1 4^ V9 jp = 1+014*8 

* A A#\ X /\ I i _ . j ^ r 


Q-9 _ ,-. « ^ L v '40o+3oo. 

3 L - a. From Figure 9.8cb) Frorh R ^ ure (a) 

tl ( s -/d, = 25)i 0.45 A 4 d,= 4 = 


l -o.)4^B 


111. *'/ai ^^'U hj/wmi -25 ^ IgXlO^A Rin(Voli ;a ^il s 0.45A.)lr54- 

UtWd, = 50)i0 45A4cli=^= ^ A =?X10 j A R,n(Vd, = 50,«i-0^A^74 

U (^/d, = |o+) *0.49 A ^ cl. = L = o^l x =4.?x I0 S A Ri » (Vdr lo 4 0. - Us A)-74 

10 lo* 

l a (^-25)^0.75A4cl^ii = 0J^ X . 3X ^ A 

^(®*/o| l =BO)ifl.86A^ol i «^ ^ A =|.^A R'n(Vd^JL=08oA)^7i5 

i i (Vd l =l0 4 ^W3^d A= ^ = 1 || MJx| ^ ^ n (if d =|0+J a c^3A)^^54.36 

1 io< 

b. From Table 9.1 


d. rrom labiea.i 

i.Ct./di =25)= 0.48 Aft 4 R = |i ^Tj- | = f| =0-?6f5 4tf.(Vd,=25) = 
4i= = 1 846/IO i A^ > R;"=6'7 


0 4415 A 


3.? /V 

ii(Vd, = 5o)=0.48AF, *R~ r+lid" |r =0,78044 2. (Vd. =50) =0470 6 A 
di = -§£= A= f.41 xlo J A => R(« ~67 

Jt\ C^/ol, =Io 4 J = 0.48AFi 4 R - = ^=0.7??^ ^iCfi/d,-lo + ) =0-47995 A 

d, = — = °- 4 ^ 9 4 ^ A = 4.*TVfSXl6 S A =^R;« = 67 
JL C 1 Vd 4 ‘25) = 0 -3 ff A FL^ Fi = = H = 096tS4^Vd^5) = 0.323A 

da» il = =3-6? x lo-*-A , Rn = 15^10 (^j=l?o^.o^5)= 3o ?-63 

R;« - Rft/67 = (20 9.69)767 = 6 56-27 

, 1 / c >. nqr>P ^>F -i±/di- = ^ 0 = 0 -? 8 o 4 : 7 ^Wd i = 5 o) = 0 - 74 ( 2 A 

JtiCVdi =5o)-o.36AFi 7F a - 1+4i/o(i 51 

dj.= |i - Q.^4U A _ ,. 88 y| 0 _i A , R„“ l5oi^ u (|^) =l5o^io(5o)= 254.8455 

R(* = R*V6'7 =(254.8455)767= ?6?-35 


(Continued ) 
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9 2 CCcnt rl j Jvi | 0 4 

J»( V t | i = IC*)= 07 <AF 1 ^a= ,^^=-^=0 W? 

f, _ __ - _ — 0 — o e-ao n 

da= -fe = M§il^=?. 5 rrx l0 ' 5 A 

Rn = I 50 i 6 ^ l 0 (-<i.^ ~ 15 o lig 10 (lo 4 ) = 600 
F?nV 67 = ( 60 0)767 = 5 , 373.13 


!a = cm'?'? A 


Ri, 


- 100 = 0 .? < f 


9-3. From Tcii>le9 2 4>F'= 1 = J - — ^ 

l + c ^ i/d-5o , + ^ C/d;1 */d=5D 1 + 100 
Rn = 75 W(«/ a )| ^ 78i«g to (-*Vd)| =75lofl l0 (l(30j =150 
(/d = 5o Ml- Bo 

&• 1 S£ Resonance: Ai = 0.i4F'=o..i35-}? A, di = 4 . 7 xlo' J A , R-i» - 3 4 

b. 2 rtd Resonance.'. J? A = 0-48F'-= 6.47A , cti= ?• AII'T-*IC _3 A , R;„=(l5o) /^4 = &6\Sf€ 

C. 3 H Resonance : = 0 . 72 F'- 0 - 706 A» c(i = ( 41176 /lo^A > 

d. 4 . tli Resonance - JU-oW = o.?4ll76A,cU = ie.8i3Xio' 3 A,R;n=(lb-o)V48 

-] -468-75' 

9.~4. Q. A/j Cfnsm £. f- IS - ; ) 

1 M - M ♦ Zh-SU + j «S ♦ I n =1 ff^Mj - MM 7 

VSWR = m-o- s H7 =2.006 
l - 0 . 3347 

A /d = 50 =} - g 5 g + j 54 g ^>|M = I 85 - 8 +,j 54 ?-^° I - 0 . 44 T 4 

J 105 - 8 + j* 4 .? + 5 o| 


5 o 


VSWR = d±M±7± = 2.619 

l-o. 4474 1 73 ^ 43 . 5-50 

A/d - lo 4 =$ £; w = 73 +J 42 5 =$ I ™ [ 73 +j 42 .- 5 t 

VSWR = , it °-37l3_ ^3.(81 
l -o.2‘Vi 

b. JI=A. T From Figures 9-8 to) and 9.8 (b)J 

' igo^jib'S '50 1 _ 


= 0 . 37/5 


«i « * + e. - «.^ss ■» Irl - 1 | - » «*s 

VSWR = I* 0-8335 _ u ou 

1 M- » 4 *„ in- °- 8m 

VSWR= -^tr =i ' 7 ' m 

Jl/d =I 0 4 => Z;n =( 5 . 0487 +] 31804 .) *lo 4 CUsiwj Bji. 4 - 70 , 4 ^- 7 ^ 8 - 6 ol>, 8 -M J 
in^l VSWR - £t-=°o 


(Continued ) 
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.CCbnt'd) 

q £ = 3 A /z_ C^pom e<jUati©v> C?-|5)) 

=« ■>*. .(OM + j 4.9 4 in = * ' “-MM 

V5WR = 1+ °- 3 ^4- - 2 | 41 ft 

I - 0-36 34 

0 / 4=50 4£; M =|03.3+j9-2 4|r| =1 103 3t i3- 2 ~ g0 I = 0-35-2 2 

103-3 +j3-i + 56 1 

VSWR= j + 0-35-2.4 _^ 0 gn 
I - 0. 35‘ J -i 

4 /d"=l 0 4 => z;» =|0 5 . 4 ?+j 45.54 4 |r| = 


VSWR = _K 0-443 = o, 
I - 0- 443 


IQS -4? tj 45-54 -SO |. Mi , 
l0 5-4-^+j4S-54 +50 I 


9-5 Usiwj Table 9-3 

a. ae = 0.25 a = O-iStVlo ) = 0.0i5 A 

b. Qe=0-5 t ?a ~0-S?( Vlo) = 0 05? A 

C- b/ a = o-oi A/fo.| A) = </fo = o.| 4Ue = 0.2875a = 0--*875Co.| ) = 0.0287s 
d- de — O.SCQ+b) =■ 0-5 C Vlo + A/2o)=0-0?5A 
e- Use Table 9.3 or (9 --A?a) 

de = V&S - -/l -466 <lo~ 4 Co-8) = 0-1083 e*. /— 

9-6 From (9-19)4 3> = Uo a>sh(%) = Uo fln[ ^^ Vz) ~ a * ] 

a. S=6-13x iq 3 A, d= I 0~ 3 A, Q= o-S-x io *A ; 

= |->^ <v, / 3.065 1~yC3.o&g)* -Co-5)* ) = |^ft An ( 3.065 4-3, 0230 j.= a?9.?S 
0-5 b,<5 

b. s=: .2.i3xicf A A , d= io -i A ; a=o-5,xio 3 A : 

7 -,-> n dv, riO-65-r v'aO-65) i -ro-5) i l = |2ofln(‘ ^ S t to-63845 j=4gp. 156 

L 0F5 

C . s - 7-42 x|o- 4 A, d -lo~ 5 A j a = 0-5Xlo' i A 

7 - p- II n { ; 37- 1 ->• VC37 1)*- (0 S ) >■ ) = |ao | n (l* 1 + |7-0?66 j =5<?? <f8 ^ 

9*7- From Table 9.3 


JMe ^ 7TTFT* ^ a - + Sx («<!>. + iS.S^ fins J 
If both Conductors are circular =$ S l =-iirai > S*=-iTTCU Thus 

AnC\e ^ 1 T t- Q 1 tnfli + ^n S 1 

(Q| + Oil.) k 

Expanding the denominator and dividing numenafor & denominator 
bsj. au i reduces to 

CGinFinued) 
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9 "7 CCont'd) 

JnQe* -"a* [4nQi + (af) ^ G*+ 2 (57) ^ S 1 

a. la J 

De^mma ^u^cu/ai, U- S /Q|, cue can oorite that 


e — 

•JU 

1 i- 2X1 -t>U 1 


1 r 


i-t-axi+A*- 11 - 


1 ft. 



-y 

1 17, 


C»-mo 4 L u 


^[foa, +yU^nM -t-zJ^na, v + 2 lxlv\ a, 1 


9-8 


In a e i In ca.) + ( -~i [-uUnu + ^3 

g 

S' ~ &7X10 7 S/m f = 1 QU* ^ A= = 0.3m 
&.= A/iOO , S=- A/SO 

(X- A/200 =I-5X10T 3 KW 
Qe/a =■ (A/I60 )/(A/ioo) ^ 2 - 


wi 


<- s 


b- 


Rhf =4r jw* = / 3 *t“>TX»irxitf?) 

P iiraTV -2- c s^-xto' 7 ) 

“X r 


/ 

<F / To^ir* _ 100 2trOo) -3 '///////A 
T(^)V £.7XI0 7 " ^ VB7 Xl ° ^ 


iTr( 4) 

Rhf = xio 1 = 6.6227 XlO _i = 0.06627 
Rhf (Single) = 0.066-27 ohms 
Rhf (double) = f single) = 0 03513 oUs 
Rhf (effective) = iRhf (single) = 0-03313 ohms 

eCci ~"5^V Rr= iC73)=36.5 
Kr ■+ Kl , 


(?cd C single) = 


365 


X|oo = R c ?- 8-2. X 


365 + 0.06627 

e c a C double) = 36 -g xloo . = *4 

36-5 + 0.03313 

Pcdfe4fectlue)= 36-5 X 10 0 - <ft,<?o7 # / f 

36-5 + 0.03313 


^ vnS ^| L4 mi 




9 - 10 . 


Using C9-I8) With A'= a /-4 - V4)» We haue that 

Z*- —j £ 0 tan ^-) = ] Eotun(-l) - °o 


Thus C9--24) reduces to 
2; n = 4 Zt Zu I _ 4Zd 

2H d +£tl z+=<i0 2|d + 4. 

d = lo'^A > S = 6-i3Xlo" a A 


= 4 2d 


q. From the solution of Prob 9.6(a) Zo - -290.9^ - 3oo 
Usinj Figure S. 15 JL^ 0.325 A ‘ iFfa = Rin +j Xtn — 

b. |t1 = | ‘ i ? Qg ~ 30 ? | =0.‘7 => VSIA/R = i±^I =5.66,7 

I7oo+3oo I 1-0-7 

9-11 d/d = 500, S = SJ3XI0 3 A ^ S/a = 3.065-xlo" 3 A 

01. Using Table 9.1 . . 

A=0-48FA = 048 A——— = °.487^-^- =0.48^C°.?'f8) =0 47? A 

|-M/c( 1+DOO 

b. l/d=S00=^d = ^= — s Z? A =0;?58 x| 0 ~ a A , Q= 0 47<j>xio~ 3 A 

C. Using C9H9)=*2,> =120 An f~ — ** -ft*-]^i3nfl w [3-Q65tJaa<a*-ftW 

° 4 '' 1 

d- Using C8-I8) with A = 0 47? A 

Zt = j fo tanCki) | = d (30S.11) W 7 : 0.a3?5A) = j4.6l8.S3 
A=047?A 

e. Usi™ (.9-44) ^ 2;n = — 4Zt?d 

J 2 Ed t 2+ 

2a = Rd +j Xd where according +o C4~70, 8-60 ,8-61) 

Rr= 60 lC+lfl^)-Ci(:W)+isimkt)rSiC2W)-2S;CW)J 

+ ico3de()[C + An(^) +CiO*0 -lCi(* A)) ) 

= 30 {iScM) + COS(U) USiCki)- S\C*H)1 

- SiV)CM)[2CiCl#l) -C*afcl)-C* ] ) 

c= 0-5772. Rd= sl ^* Vi) . Xd = ^Yk^) 

1. Q* 0-479 Xl0~ 3 A , A = 0-47? A 

4?A=3.01, 4fe£=6.01?4? = 6.04 , M/z = I.S 048 

iM7A =6-oi? xio" 6 

C;*Oc) = hC6x)-CiCx) = U(rfr-lt)(x)-CiC>.) ^ O-SWl + fax- C;6xj 
On(60l?xi0' 4 )^0 = 0-5774 + An (t-Olfxlo' 6 ) ~C<(6 ol?xio 6 J 


(Covitinued) 
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9-11 CCont'd) 

C» (i(?ClV£) = C; (6.01? XIO 6 ) = 0-5772 -1 2.0205 - - H-443 


CiCVH) = C;(3- 01) = 0-II5 
S;C*l) = SiC30J)= (-84? 
Ci(a«) = OC6.ai?) = - 0.068 
S*C 2 fei) = SK 60 |?)= 14-24 


r From 
Append* ST 


in(M) = tn(3.oi) = |. ioz 
= fiflO-505) = 0 . 40 ? 
Siyi(k£)= sln(3.oi) = 0132 
CoS(fel) — CoS (3 00 = -0.771 


Rr=SO (o.57f[2+l. 102-0. U5 + ['1424-2(1 84?)] - [o.57'7^ +0-40? 

-0.068 -2(0. ||5) J ]■ — 60 Cl-073) =. 64-380 
Kvh = 30^ 2(1-84?) ~0.?Ti [20-84?) ~/-4i4j - 0-132 [a (0. ||5) -C-o. 068) ~C~ H-443)]j 

Xn» =30(-o.lObe)'-3.l‘76 


Zd J Rj-»-jXd= i 31 ' 76 = 1 . 004 ( 64 - 38 -id i' 76 )^ 64 . 6375 -i 3-1887 

sm A ob048) J J 

Usino O-24) 

= 4Ht£d _ 4 (4.618.83) (64-6375 -J3.I887) = ig? og _ \ 5 . 47 ^ 
2id?£t 2(64. 6375 -j3.l887) + 4,6l8.?3 
Z. (Ke — = 1 /6 l 3 XI 0 ' i A(O 47 ?xlo' 4 A) = I- ‘ 7 I 4 X |o‘ 5 X , A = 0-4-7? A 


Using the equivalent radius fle OS++e radius 

2(^)(l-‘T(4^lo- i A)V(0.47?A) = 7707X10 
CinCx)^:0 =0 5772 + 4n(7-7«‘7xl0' b )-Ci(7.7o7^(0 *)> * ~ 
Ci (i^ae/fi.) = C;(7.‘707x|o 1 5 ) +0-5772 = " 8.8^36 


7 70 7x 1 0 b 


7-0155, R r = 64.380 


3. 


Zd - 1 • 004 C64. 380 +j 70155) - 64. 6375 +j 7- 04*56 

4Zt?d - 4(4.fel8 ?3)(645375+j7 04356_) _ - 2&66S 

Zin 2?d + Z+ 2(64.6375 +j 704356) + 4>6l8-?3 
UsiflG a = ^/2 ~ 3 (.= 0-47?A 

20K/1- 2 (3.065X1 o' 5 *)*(■£) /(0-477A) = 2-4645X10 

C;m( 2.4645X10 4 ) -0=Av>(2-4645Xl0~ 4 )-Ci (2-4646X10 ) +0 5772 

a ( ika Ya ) = Ci ( 2.4645 X lo 4 ) = 0-5nn 2 + An (2 . 4645 X I O 4 ) = - 773 1 1 


Xy»-U-£ > Rr = 64.380 

•gd =. 1004 f64‘^8o+j ll- 6 )~ 64- 6375 -rj 11-6464 

a,= .4gt ^ ., 4C4^ie.W> t t4^3T5tJll.t4<4) =a5|5s ^. 437t 
2?d+ ?+ 2(64.6375 tj 11-6464) + 4>6I8 -75 
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9-12. 


Z;n = 3I5.I44I3W? 0 
= 30G.005+j75-326 



1 

315.(4413.827° 


3l73X|d' i 4.-l3.8i7 " 


Xin = 3.081 x io a -j 0-758 xio 3 = C 3 081 -j 0 . 758 ) Xio ' 3 


Tin - <T,'n +jBfn , fj-.'Y, = 3.081 X |o~ 3 
Bin = 


a. 


Be- -Bin - 0.758 xio ' 3 


Capacitor 


b. BL-0.758xid 3 =toC,.= ^f C L 



C - 0-758 Xld 3 

L 2.TTf 

= a7bejOoJ_ _ |2.064Xlo' li = 

a it c toxio a ) 


U. 0£4 pf. 



c. 


X;n = 3 -081 ^10 + 

-T.'_ - r = o.s2.45 l 7Xlo 3 = 324,5*7 

= 1" - 3.081X10 i 


Z,‘n -324.57 C Zin* R ‘” ^ 


rr - Zin - 2o = 324.57-300 
l " ?.n + Zo 324.571-300 

rr - a4 - 57 = 0.03734 
624.57 

VSW R. = 1+ I n»l =. 1 -t 0 03i , 34 
1-IHnl 1-0.03734 


9-13. 


VSWR = 


103734 = a . 082 
0-76066 


l-'Vz, Zc-300 ^ >r ^ _ J 1 ^-;i70 xu-im 

x. =4C73.+j42.5)-2l i t) I/O. Yin'Zin ~ 2 ? 2 +j |»7o'2?l-j I TO "|I4, (64 

f^ = 2.5577xld 5 -j |.48?x(0‘ 3 ^(2.5577-jl- 4 8?)Xlff 3 _-^-in-jBin 

B:n=00C^=2ITfCfn - Bln ^On = J^T ~ = 4370X 10 ,;L f 

Cin = 2370xl0 _u f = 2.37 pf 


(Continued) 


27 7 



9-13 (Cont'd) 
b 


9 - 14 . 


£^ivi — -2-5577 xio 3 

Rl" = <k = a.JwX!,-* = MtoM<SXI<?- 3?0.f7S 

r?y> = j|* - £c = 370.976 -300 _ 0 s| 3|££ 

£i» + 2c 3?0. 976 + 300 

VSWR. = 1-Hr?„| - 1 t 0-13166 _ ,. 303 
I ~ I Hr, | 1-013166 ~ 

a= I0 3 A.> S-4xio -i A> Zc-300 

a. = 4(73 -'•J 42 - 5 ') = -29-2+jl70 = R;w+jXin 

| y v 1 I I 

Xc - Xi* = coCivi ~*' iA C^Xiv) = 2TTf X !» ~ 2TUlO*)(l«7o) 

C iyi = <?.36i*l0 4 xlO~*= 9.365 x|6 ,: *f = 7^365 pf 

Civ> - C/a =* C = 2 Clh 

C = 2(9-364) pf = 18.754 pf 

b. Hy. = Rhf> - 2 . 7 a -3 00 - l 8 _ _ -0 0 135 


Rm + £< 


5?2. 


9-15. 


a.72 +306 
VSWR = 1 + lfTj _ I + 0 QI35 - _ ( 0J2 ^ 
l-|Pi«| |-o.o(35 

1= 0. 47 A , a =5 0 . 005 A , S — 0 0 2 5 A 

S= 120 Cosh-'(fi) = |io 1 

. ’ IK 0.00S > 


-uo Cosh ‘US) = lioU.5667)=i88 0(6 

2o -2: |§g 


5 ir 0.4.7 A 


] =ji88tan(;o.47iT) 


a 


Zt:=ji88 tanC £ ^ 

“j 188 MO- 577) = ] 1,788.83 
^3= 9?+jl3 

Detemine^.: 4.&ZJ „ 4C.i l,?88.83KWj'3) 

t **" f-l ~T . -» _ . . , . . . AaA A ^ 


(i). I«pu* im^ance. *(^, 3 )+ j ,,788-83 

= j4Cl,W83) 


0(55^85.516 

, 0 _ 


2; n = 315.14 413.8*?° =^306.005 +j75.3-*6 

(GtvboiW ) 
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9-15 (W'd) 

Q‘|) Z\* - 30G. 005 +j 75. 326 

Zd = 7? +j 13 

JilTL - 3 06.005 _ 3.QY35- Xin _ 75.326 _ fc oo^ 

Rdi» 7? XeUn 13 

(>>>) H„ = 30S.0Q5 +;75.3a6 -300 6.005 +j 75.326 

+ He 3o 6 .oo5 +J 75-326 +300 ~ 6o6 - 005 +j 75-326 

= ^366^65.44° _ 0 . 12 34 478.35°= 0 . 024 ? + ) o.| 2 og 
6|o- 668^.7-085° J 

iHnl = 0.1234 

li*C. 1234. 

(iv) t'nput VSWR •. VSWR= — — = 1.282 

1-0-1234 .i 

b. C\) £;«= 3o6.oo5+j 75-326 c 

Zt«= Zin + 2u- 306. 00 S .'*o.k 7A 

£ L =f?u+jX L = -j 75.326 c u 

I Y i-l — 75.326 — £OC C ., 

c = — — = — 

2TTf|X*-l 27TCI0XI0 6 )L t 7S.3^£) 

C = 211.288 *10~ U =ai|. 288 pF 

% =?>C L =iC 

C L = 2(211.288x10^) , C u = 422.576 pF 
<ji) Zi;= 306.005 

p: - Zln - Ho _ 306-005 -30 0 _ 6-005 — 0.007707 Oi o ol 

£.« + Ho 306.005+300 606-00 5 

Tin *0 . 01 

tfil) VSWR = A±M = 1+001 = 

l-WiA 1 - 0.01 0.77 


VSWR - 1.0Z 



9“16. 4= A /.Z ^ £;n = 2s 42.5 

a ■ Usincj C 1-31) =)2 ftS ^ =. ^3^j42.5 _ 

J Cos *041) CosY^’-^J 

b. im, (4-77, * *»&'«*)« C^]*. '^wPnl 

z i«<y= f)= £ »> = 

rH / , Rl=oo, ?o=5o 


= /46+J85 




0-39) =» *£ =2(1- ^6 m ) -0.375 4«6*= 1-27*3 radians (73.126°) 

r & 


f 

SeCOm = sec( 73 ./ 5 <s e ; = 3 4 * 4 . 5 - 


TKe maximum VSWR is 

VSWR = l + ew> = 1+001466 ^ I 0i?8 
v WK i-e« 1 - 0 . 0 K 6 S 


|Zl-2o 1 . |_ 

( 100 -so; ( i 

Izl + 2, Ti(sec6m)r 

Cloo+5o) 2.2./J36 | 


TKe coefficient of (^-37) Con be written as 

n«tf) = fo+e' e ~ Ji6 + = e^CC^^+^e)* 6 ) -tf,] 

wKose magnitude , for £o=£a, redaces to C when equated to (9-43)2C?-44)l 
^in(f ) ~ 4(^o CoSi6 +fi /a) = ^T^fsecfe M Cose) = fmf SeC^ft, + C^Am - 1 ) 1 


by usinj (3-4?). E<^ua( i n<j similar terms 

^ r e* - %Sec a fim = M!|66_(3.44-5)^ 0-087 

^,= ^ (sec x 6m -1)^0.01466 [ (3-445)*' H = °' 159 
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9*18. N-3. I?L = I00. £ 0 =so 

q. n 2 N Ri~ N j 

(?l + 2 © (N-n)!i 1 ) 

H-o : P 0 - 3 . 1 - -J ^ 2 i = 51 

r 2 * 150 310 ! ** 4 + 

n ' 1- P 1 ~ ai iH'jriT ~ & -^ 4; 6? 88 

n ^ : : s=|^|^ 3 =^ 

n= 3 : p J_,so 3; i 
'- >s ~ -2 s I So o< 3! -24 

For Q fractional bandwidth of 0 375", the m<v< imam allowable reflection 
Coefficient is e<jual "to 

A f - 0 375 = o_ jtros'T — *1^- 2-— ro<TT T 1 ^ 3 

f„ ~ ’ 7b ^ TT C L (^-^Wre .4 7 .V* ~ 2 l- 50/(50 J 


Zc-2o ± 

r= I 100-50 1 

T N (sece„) 

1 too-tSo TjCsecOmJ* 


To IF— <■«.-&)/«,.+ i) 

fyy. - 0-00815 

and ffie VSWR Is e<|ual to . .• 

»SWR= '•"°°° 815 =(.oi64 

i-?»i |-o.oo8l5 

b. =0.375 = a(|_^„,) =»6m ~ 1 " 2 '^ 3 radians d73. 126*-) 

7 ° 

Sec 6m = sec C 73. u6V =3445 
Far a 3-section transformer CM =3), using (9-45) 

Tj&ec Qm) =4-Csec6m) 4 -3SecQm = 4(3 445 V 3- 3(3-445) •= 153.2. 
Using (9-44) =) 

VSWR = {**=• = = 1.00436 

i-o.ooai76 

TV»e Coefficient of- 0-37) Can be Written as 
FinCf ) =po +e.ei afi 4 ^ e *®+( 3 ei 6B = ei 36 (p 0 e> 36 + f.e 3 ^ > 36 J 

W bid) for -(3 and (>i ~ reduces fo 

fTnCf ) ~ ^e' 36 (fo C#S3& + (>, Cos 6) 
tobose magnitude is e<jual tro 

e.'n Cf) - IfTnCf) 1 = i( 6© Co536+ C« C£>s6 ) 

U)hen equated fco C9-433, using C9-44). we Can corite -that 

(Continued ) 
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3-18 CCont y) 

2 (Co CoS30+e> CoS 6) = (’wTaCsece^ Cose) 

-2^bCoS36 +-f, CftS 6 ) =p m Csec^ew^SSfi + 3Csec3e w -S«?c6» ) CoS 6 ] 

Faucet i«uj Aifee leriftS 3 

2p e CoS 30 — P>*i Sec 3 0m Cosse =£ Po-fa 36 ^®? =0.0021 76 ^ 4S -~ 0.04448 

CoS 6= 3P«.(SPC% W -S0c6^kosfl =»p, = ^ seotew.-sece*, _ 6 , 2ia 
Thus P. =^3=0.0A448 

?l«f»= 0(111 

&= 0.04448 * j 1 ~ = El^_=7 2, =54.655 

£i -v £© Z| -V5D 

e, = 04222 = z *~^i = £>.- S4-6SS 4 6<?.87-2 

? i + ^i Za.+ 54.65S 


ei = 01222. = - ^3 -67.671 

-Z3.tC7.87i. 

3-19. Zo= 3 oo . a= lo' J A ,N = 3 

a. Frow Table 3.1 -, C n 

t/iu . 0-54/ftxlo^A.) r 0.15X10 3 , 250^ 

| .*. JL/iCk |+ 0-5 ^-/fa-XlO^) 1-V0.25/V0 3 ^ 


= o.f%0 


^-0.48 aF ^o.S360M0.48) = o-4 r l8l ^ 
Rir> —67 oKitbs =• Rl 


^ = 2* Azls Cn = 2* Cb N = §(-0.634fie)C„ N =-O *7JZ6C? 

Rl+Z* 67-h3oo 

n- o : f 3 =^- = 1 =>P 0 = - 007936- 1 =-0 07936 ^ lull 

v -° 310! ^ Z, + Zo 

Zi = Zo =300 ( l . - 0 - 07936 ) =300(0.8 5 2*^5) -255. 88 

l-Po v 1 1-0.07936 ' 

N=l: C, 3 =^ =3 =9 e. = -0-0 7936 C3)= -0.2381 = |*~ |j 

2? = 2, | ^ ) ^HO.aiSA) = I 57-46 

n = i: 01^ = 3 =>^ = -<5.07936 (3) ^ -0 ^81 = JiZ^L 

Z 3 =i a ^ = 157.46(^^)^157.46 (0.«l6*)*96.*> 

n=3; C 3 -- 57 ^-j = 1 ^>(> 3 = -0.07986 1 - -ao? 936 = J L l + 4 

-Z _ z ,.-L±£3 = 96.90 1=96.90(0.85295^ = 82. 66 ' 

* L 3 l“& S +0.07936 > 
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input ref coeff mag 


9 - 20 . 


L = 0. 4665A 
Riv) = 


a) 

b) Zi = 70 . 84 -Cl 

= 63 . 5 >^ 2 _ 

c) see Fy. P9-20. 



Fig P3-20 
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S' 21 f=l5MH* ^^=,300X10^ =20m~iOoo Cwi 

u ' l5*to< 

d = I Saic^A = 3.8 cw ^ a=o. < ?sxid i A = i -3c<w, 

d = e-35X|0 4 A= l-2Vftn * 0/= 3.1‘?5 X io" 4 A = 0. 635 o** 

S = 7<SiX(o'' 5 A= l5.a4.Ovn 

JL'/a =- O.afiS A = 57C»i , Za.=a5-ja5 


a . >U = d/a' =1*3/ 0.635 = -2*^ ?*l 
/ U=s/ a ' ~ 1 5-i4 / 0.635 =■ -24 
o(. ~ _ An OQ 


= |. 5-264 


-Amu AyiGj- 4) -InC?.??*!) 

(1 + 01)^= Cl+l*Sa64)*= 6 38 27 

a=6o ~ rKI > ( iwlssd =SIS ' J53 

&=jz.to.n(k I') = j 315. 253 [ ^ (0-245A-)] =j 57 06365 

Z „ = = 2 t iS70t385).:6.3827X25.j25) -| ^ „ ?t/fe M 

3.2* (j 57*06385^ 6 ^82*7 ^5-j -^5 ) 

2in = Riv\ +jXi* -75 . 505 4-JI3S. 6^.9 
b v* - — - ^ A . __A = 7g.^3|Xlo u f 

• 4.n - iirf Civ, -*<-»« “ airf X in “ air ClSX io 6 3(135.6^) 

C. C=2C in = 2 976.231 Xlo" 1 *) - 1 56.46a *lO ,A f = 156-462 pf 


9 -2d According -to dhe design procedure, of Section 9.4-4 
= C i-t-oc) 1 - ^ =z> |i ^^-gi+jha. 

Z J' Sr ^ 3i - *3 ~ 3i + j b 3 
3 ™ » sMib * ‘ 3 * *i « + %*j j, ) +i c b^k 3 > 

■Zin = Kin + J X i VI Zln io = f Kifl "?o R-in ^*J Xin 

Ri* = r-.n ?o * 

(: 3^5 3 ) i -+cb a .+bj) i 

Xiy, = *in ? 0 r Cb^H-bj) £> 

Cj^^-rcbxi-bc,) ^ 


(Continued) 
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9 '22 To f ind the fi.enqth ^'/z which will perform -the aavnma match, 
CCont'cO / . . 

We soloe R iw j~Or bj . TV)U£ 

Cj i ^ 3 < 3 )£o= Rf* E( 3 *+g 9 )N*Cb:ii-bj)*J 

Oi+bj)*- CJx^j 3 )Z 0 - Rin Cg**^)* 


(ba.+ bg)*^ + Z 0 ~ Rir)(^ 4 »-t*g 

bi+bj " i. — Rtn (, 3 .^ 33 ) * 

. Rin 

bg = -b*± - R.n(g*tj^ ~ 

Fbr Problem 9. 22 , *&=<l4-*-ji), Rln=50 and 

a-o.^5i5/-2 = 0.476*56™ -i JU=*/oS — 0-4-'76zS/(o-lo26) -4.6418 
a'= 0 . 2 o 5 z/z = 0.1026 Gvn =S/a'=i I-S 3 I 6 /CO-I 02 . 6 ) =I 4 -T 4 T 8 Y 

In d _ Jtn C l4.?- 3 '78'0 


S = Ib 3 1 £ Gm 


c 2 ^=- 


= 4314156 


InU-jZnU in C 14 ? 2 787) -Jtn(4 -6418) 

^ = jfotan(-fe 4 - 9 ^^- ^ 3 -=jtar)(l«^)^bj = ^- = -j<i>tCfer) > 33 "° 


Cl+ot) i =.CI+-23l415J i =lo.?836 


•5316 


9 = ^ 32 - 


02. 


7 _ ih: - O+oQ^Za./'* - 1 0 .<?S 36 ( / 4 -+j 3 )/ 2 . _ 

l 77 - — — 


Zc 

1 


- 232.04 


0.4-762-5 CO- (0-2.6 ) 

^0. J337//2.or = o. 331 -t-j 0.07/ 


H*- Zz~ 0 - 33 e? 4 :i 2 .o?‘ - 3 - 884 ~j 0 . 6 | e- 3 ;L v J bi^ 23 .^ S 8 < y> bi .-- 0 - 6, 8 


bqs-cbtai'js^i / 9 4 + 3 3 ;?° - R^+S^ 

v Kin A 

bo = -CbtCk^:)- - t-o-6lg) £ _/ ^,884 CH 2 .QZ.) -50(4-884) = o. 618 ±-2.2.5 
J . . 7 SO 

Usiwj the wunus (~)s<gn Cbi+bg = - 2 . 2 . 5 ) 

CotCk x) = 1-632 4> to»tk£=l/ 1-632 -0. 6127 => ^^ta^(o-6U7j 


k'/z. = Vair tan Co-549'7; = 0.0875 A 

U ^ tre 17:» a - = = J?.o| = oirTc 

4 + Ck+ 4 <" J -864) 4 4- C-2-iS ) 1 

Q _ l/C2Kf>C;n) - 1/(4TTX |45-4XI0 6 X5? 01 ) ^*&-C>6 Xlo'^f 


Usm 3 -the procedure of Section 9-4-4. the Smith CWt Sblu+um 
verifies the answers of the ancdytifol method . 
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3 “23 Using 'the procedure of -the solution of Problem 3.22 

Za = 0.331 — j0.O7| =>^= 2 l_- 2.95-ZU. 03°=^. 0.618 = J^+i b* 
Therefore <jx -2.B84, ba = 0 . 6(8 
also 9 g =0 , bg= -Cot(k^) 

In addition 

bg = -G>t(k §~) ~ -bi i 2.25 •= -0.si6i-2.a5 
choosing the minus sign C^+ba)^ - 2 .A-S 

CoK*|/) = 2.868 4 tan (lei-') = V^-868 55 0 . 34fi7 4 k^'s tan'C 0-2487) 

& tan 1 * Co. 3487) = £% Co.38S5) = o.o534X 

Th r f °:i tba+b 3 ) Zo ^ (332-0*) _ 3? 01 _ _L_ 

ir1 “ cg^s-cb^+ty* "<*■ -684)*+c **■$)* 

1 d. — | A 

2- - ~ — ; — rr- =28.oSxio J 

' rAlV ' ^C/4S-4x(o 4 )t3 < ?.o3 

Using -the procedure of Section 9-4.4) the sw/tb chart station verifies 
"the answers of "the aboue analytical wietWl . 

9-24 Z a - 34+JI7, Ru«SO 

cf^d = 0.?5i5 Cm =4a'=a = 0T525/2-= o 

S = 3- 14% Gw =» S' A = 3- 1496 A - 1-5745 G* __ 

3- -lOA.On +i/is/i)*-aM = lao.llnr 1374-8 +,/ Cl ■SW8) i - CO. WfjisH =i23.8S 
L a J L 0.47 6^3- 

tl = a/a' =1 

rUcS/cV =• 1-5748/047^= 3-3067 


cx C; In l) 

Ivv -Irm 


In (3-3 067) 
lb) (3.3067.) -InCl) 


O+ot) 4 - (l-H _)**= 4 


= ( l+oO*j|?- =4( j4+JI7 j c 76 02/ 4-16.365* =/ £a- 


= 0.33? 6 446.566° 4> $».= 


1 _ 1 

**■ ~ o,35?6 4-16165° 


2a - 

** -i.A3.8t 

-4d335-Jl3/7=J*+jL 


Therefore = ■1-6335', ba. — - (3 17 

Zg = jic tan (h^) ^ = |&- =- j Wf)- * 4g = ~-J«* C* £) =|,+j bj 


Thus § 9 =°) bg= 

Using -the etjwatiorvs deriued in the first part of -the. solution of 

Problem 3 . 22 , we hauetbat 


(Continued ) 
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9-24 CCont’d) 

= L3I'1)± ^■633S)(.2*3.85)- 50C^-633S-) A 

b 3'-^C^i / )= l-31'T =t 2.1034 
Choosing -Hie vnJni/s S^OLtbi + b^)- -2.2034) 

CoiC^I^) = 0 . 8864 =4 tarK*^) = 1/0-8864 - I-U8 ^ = ion'O- 1-*8) 

^ W 0.128) = ~ 60.8455)= 13 46 ^ 



Therefore^ (b ^ )g , = _ (-,.^30^3.85) = 4i gi4 

(§ a +g 3 ) i +CU+b 3 ) i (2 6335 ) a +6-2,io340^ 

r 1 1 . , aa . =26.i65Xio _|i f 

^ ~ 2+f /> ~ 2tr (145-4 X10 6 )4I -834 


_J. 

-27T fC 


Usirij tVie procure of Section 9.4-4 , +»* Smith cWt solution 

verifies -Hie answers of tKe abot/e cmai^tioJ. n^eUioct 


9-25. a. 2a=73 + j42 5 

06 — 1 

^v/2 =56-53jai.2S 

Zcl = Cl+<x) A 2u/i = 4 (lililil) -4673+]42 t) 

Zg = j & = j *>• tan (■» A ) s j & taw(l ) =«3 

^ id - 2C73+J42.5) =: I46+JS5 
b. Xc = 85 — ^tTfc 

r _ i l _ J , u 

L ifffXc. - 27T (425 X|o 6 )C85) -4 406X10 

C =4-406 xio 11 = 4-406 pF ^ a /4 ->* V 4 -> 

C. r= *'» ~ ?c : = -11^11=0.3036' 

2in + Zc 146 + Or 8 

VSWR. =- *"** = 1+ 0 So36 _ | gy_2. 

I -IT! l-o-3o36 
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9-26. Za= CM-oOt|? =3"^ = 301.5 

a. Zg = j Zo tan( fe*.' ) =j Zo tom 14 ) =j A tan (36°) - j*5oC 0.7*65) 

Zg ~ j 181-6356 

Zi'r>~ Zi = jfl8l.635#30|.5) 


301.5 tj 181 . 6356 


55. 583Z58.?34- 


Z;» = 1 55-563 Z.5e.?34 <> = So. 265 +j (33. *68 

b- Xc = in fc ~ 133. <26 & 

C = XtClJx 8) mot = S-WXI^W*- 3.WX|5 U |» f ad3 
C = 3 ?8oxio '^farads ^3-98 pf 


Cit°0‘. 1 



0+oc): 1 

9 -27 a. From Hie Solution of Problem 3.22. / 

2 o = 232 0Z ; Zc=l44-j3, Cl+oO*-=lft9836,4' = o.o875A,*Bn(fc4i)^l27 

Usm^ (9-18) => 2t = j*o*an(H:) =j232.02Co.6i27) -j I4 2 - 158 

Udmq (9-43)=> Hm= 2ii ( ^oO 3- ^ 2 Cjl42.)5e)( IQ -9836)6/4 +j 3) 

^Z-t-HH-oO 4 ^ 2CJI42.15S) +lo.?836((4+]3) 

— 106 +j 77- 986 5” 

r - - __, v . - = t4 036'<lO 11 / =^C -^-C;n ~2fi. O^i-Xlo'^f 

1 2ITfX;n 21T (i4 5 .4/| 0 «j(r77. t ?865; 

k- From the solution of Problem 9. 23 
?c, = 232.0i> *A=l4-j3, Cl+^) A =(0. ( t836' J ^ * 0-0 5344, tan = 0-3457 

Us'mj (.9-13) =2 Zt=j Zota'oC^I:) =j 232.02(0. 3487; =j8o.9o3V 
Usinq (3-49) ?in = ^ArC l+ot)*2ft _ 2L j8Q.9054)(lo.9836)(l4-j3^ 

2Zt + Cl+ot) 4 ^ ag 8o.9a$4 ) 4 !6.W8&04-j3) 

Z(n = 100-02 +j 78-002. 

r _ A ! „ =/4.03X\E'^ 

L\a - 2irf Xin ' 2 IT 045 4 XI0 6 /7S.002.) 

C ~ 2.C,'n = 28.06 XIO-'Y = F F 
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9-28. By Comparing (3-49) coit-h (9-J>4), it is ^parent that the second tern 

of C9-&4) is egualto one-half of c 9-4S> Therefore the |engtV*of 
the T“ match reefs that will malch To a gloen inpat resistance Can be 
obtained by following the procedure of the gamma. malch of Problem 3. 2i 
but With an input resistance of one-half that destnetl for the T- Malch. 

d' = 01026 ^ Ck'~ d'/z ■= 0.051 SGm 
d= 0.9525 a =d/i =0.476 25 0* 

S * 0.76 56 •=> S/i =• 0.3823 Cm 
U=a/a' = 0.47625/0.0513 = 9 2836 
V= W = 0-7658 /oo 513 = I4.727g 

^ , 4n V = An (I4 ?378) — 5.6?t 2 ^Cl+ot)^ 44,77 

InU-lnU iyi04 . ?i78) _fy,(7.i836) 

Zo - ^ 5 c g,o (y^f) = 2 7(5 ^° 5 '° ^(o. 476 i 5 /Co.o' 5 TT) ^ ~ l90 ' 476 
To find the AengHvof the T- match rods so that the input impedance 
is Soo ohms, use the c^amma match procedure outlined in the 
solution of problem 9-42 but for a l^o ohm Input resistance . 

a. hr Ptob. 9.22 ^ 2a— 14 tj 3 ,f=!45.4MH* 

% = CltoO^fs = 44 . 717 (^ 1 ^-) = 320 . 51ZP. or 

2* = j|2 = _(. 6Ba1 A,2.0?^l.6453+j 0.352V 

210 r? 0.478 

^ = r 6827ZU.or ^O-^4284L-|2.0f -0-5811 -]0|i44T=3a>jk J 

Therefor e =r> Q^. =■ fl-5811 j bi_= -o l 244-7 ./ 

^^ g = -i c oirC^ / ) = §g + i b ^^" C ° C * ° 


k = -d>u± Aa^g 8 ) go-Rm^x-r ga) 
^ v Rin 


= - C- 0 . 12447 ) ±. /o-SBlU/yt)^; -isoco-sm * * - Co t Cfe£ ) 

bg = 0 . 12447 i-0. 63264 = -CO* dll") 

Choosing the minus scgn cb *. 4 fcg =- 0.63264) 

Cot(k|f) =0-50817 "7 tan(^4l) = 1-76784 tan t| ?67fl4) =Moofe 


^ = — Cl. 1006) =0.I752A 


SLIT 


(Continued) 
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9-28 Cart'd) 

Usi»^ C3-18) 4 2* = j& tarulei) = j 190. *76 C I -96764) = j 374-83 
Using 63-49), -Hie m pat impedance of -tine T-vtio-tdi is e^uo.| to 
^ agt O3-o0*-£a, , acj 374.83) 44 T7 Q4-i-j3) _ 4434,579 /14.7.4-2-86 
2£t +(1+00^0, iC]3'74.8S) -I- 4.4.7*76 14+j 3) 

Z;* = 360.003 -v-j 326. 5778 


__ 2* 

Cir> ~ ivf = 2iT C 1 4S- 4*10*) 326- 5778 

C =iC; n = 26 3.352X 10 1 li ) = fi-VOAX'O u f 


= 3.352X10 f 


b. For Problem 9.23 ^ Z* — I4 _ j3 j ~f = 1 45-4-MHi 
Zi- Cl+«)*% -320.51 4-12. 0?°, ?2=% -1.682qz42.0r 

^ x= ^= 6.5? 4^8 ZI2.ot° = 0.58H +jO. (2447- gi+jbi 
Therefore =* ga. = 0-5811 , b* = o.|244-7 

^ = j tonikg) * £3 * -jat(^SO =3s + i b <s-^ » **=* -a>«le£) 

L --bi± A9> + S»)?o-RlnCgx+^) a __ rt + /0.S8U (l?0-478) ~l5'o(o-58lO i 

* * Ri*i ■ 1 V lie 

bg. = - CotO ±') = - 0.1244'! i 0. 63284 
Choosing 4ie minus 6ba.+-bg = -0-632.64) 

Cot(^4- / ) =0.757// 4 =1-32081 =>*£ ^ aYl ' c ,,3aofi ^ 

-4f= ^ W (I.3208I) = ^-(o.?2i75?79= 0-14^86 A 

Using 6<i-l8) ^?*=j2oW^)-jl?^CI34080 =j25l.585 

Using 6^-4?) ,+he input impedance of the T-matcb is egu«J to 
2;* = CIWFZk - 2C)2S|.588-)44.7'KI4-j3) = 443 4^ 3 / 47 . 433 2 > 
-2& 4-Cl+o<) i Zo. 2CJ25I.585) -+ 44.776 14' j 3) 


■ZiV\ =■ 300.005 +j 326. 6324 

_J. 1 

Qn = airf Xin _ -2t 6145 4 xi o 6 ) 325 Z324 

C - iCirt = 6.7o2Xl5 |A f 


3.351/ lo u f 
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10-1. 

q. Usi^ ~ C4-57C) 

E r - E p ^ Hy ^ He =0 

c -r 4 rA kt 

Es ~ ( dE e = f ;» - s'tne^ 

J 0 Jo 1 4 it R. 

Since for far- f ie|d observations 

R-r-?'Cos& for phase terms 

R ^ r for amplitude terms 

4TT lr Jo 

--lltr 


j, T <rj k r ,1 itfccose-k)?' 

^{- "L t •<£>*«**« -**<l 


g w ■ 

4irr 
-ifer 


Jo j(l»ros6 - kz) 

3(le(AS6--l«i)2' 1 < 


- j<l JSei ! Zsine r e i(tos6 -*‘« ' ] < 
41rr , 1 j(teJ-)tj) Jo 


tolien? «•£ ' *<*•-*> 

(j Eq 

Hp ^ 

b. W ave =£ReCExH*)= iReUdeEfiX^Hj] 

= tfec<r,E.«4^;=^-ie»r 

(Ohich j&r |<- fo/k ^ 1 deduces +g 

Wave = Or If Jill «i«l. W[^(»s8-Oj 

Us'uij the trigonometric identify (frw* Appendix VI ) 

^ i / v \ Sin x 

Cott-^:) - i-cosx 


it reduces to 


Wove = ar 7 OfC|)4»n *4 COSO -I)] 


(Continued ) 
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10-1 CConi'd) 

C. Prad - W aue =£ £ Q r Wr' Qr r^sinfidedp' 

Prad xCCose-Olstnede 

<oW<V* KodufeS to 

Pfanl = 1 I 4.6 * fa (%) - QO«) + S 4^T 2 ] 

10-2. For a. 2ovg toire antenna, , the sin 6 variations in CIO -zb) 

are rwndi slaoer than ihoseof the Sin[~l|-CcoSB-l$] fynctioy) 

M (case -k) 

The reforce near the axis 

Es =j i Ji5±i£* r e -i ¥< k-cs 6 ) sh6 aj«rgftM»-iO] 

4Trr ^-(cose-K) 

- j)| M^^ r p~j^CK-cose) -s'in t^(co-s-e-k;l 
L 4n r ^ • 


^cCfose-k; 


The -first maximur* occurs coWevi 


2>A, *»MAA,| frl|AI«< UU.UM VUHdTI ^ ^ 

§(G>s6 m -k);= ^Ccose M - ^>K= TC~ 


G>sB 


m 


a. CbseJ . =COSC| 0 °) = © ?848 =>^p = Of 648 'Ll* 
a> 0 '6111=10 

T)p = 0.?848 (3*|0 8 ,) , ^p = 2.‘?544/l0 8 'VhA^c. 


b. ^£ = CoS6 J = c 0 s(-20°; = 0.?3?6?^^p= &.?3?6?^ 0 
'Up 3 o.^3 V? C3xio 8 ;, 01^= -? 81? X(0 S Vsec 


10-3 




rX 


. * f* —jkjc' e3^ R . . 

A=«* y 4iF j o dx 

far field : C R = r- itCos if phase 
i R — T Amplitude 


(.Continued ) 
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10 - 3 . CCont'cO 

A* = ^ l C -j ka-cos^x'^ 
4Tr Jo 

= A Xo e~^ r j" e)*^ 1 ~ cos zp; x' -j ft 


] 


A, 


4 ^rr l- ~)h d-cosy ) J D 

_ >ilo« e;* r r e> kChCoS, r H 1 


4irr 


[ 


-jka-asif’) jk a -cosy) 


- MAXe> k r -jX 


■] 


4irr 


sin x , f , 

— — , where X = ^ C 1 


Cowert" to spherical Coordinates. 

Ar - Ax sine co-sjx . , E & = -jw As 

Ae = Ax Q>se cos/ ^ Far-field ^ | ^ _ _jco/\j* 

hp = ~Ax si>V> 


Ea = e i * r c ~)X Sinx 

4irr X 


E|r- ~ o 

Cos& cosfi . c°sf = 

, G>Slf>=S 


Bp = -I- jPAXfttej^ ^-j x.St^X , s - m gj 

4rrr a 

, H» = -^ , 

*1 ” 


k- 


10 - 4 . ■In the f&r-Eone ; 

a. Acrj^^^^icz')^ 


^cose 




4^r 


JO 


<- f * e i ^ ' fe i^ t6s6 dt'~C A «?> k *' (i ~ J*' =e j * C, ' Cai6) 

Jo 


fl 


- j^gjA -sinlA) 


ktj = i'- 

A= ^ ci- cose; 


( Continued) 


CoS^ ) 


■■ Idx’drl 

in Q • cospi 
[(I -sine cos/) 


d? / 

'1 

r %ya-w. 

A. } 
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10-4. CCovii cl) 

- e 5 ^ 0 +»i 6 J e j^CI+Coi 6 )^ 

= 4 fJ B SiHCB) n It , 
xc — g } B= ^ Ci+cos©) 

.-. t\?. = ^.eL kr J e>* Si^ + Re^ §^C_b> ) 

4ir r I — — 12 — 

*■ i -t- r. ■> 

Aft = - A* cos e ~ -M*d-£> Ur ( eA&tnwM -t Re^si ncey B Xstwfi 

a _ 4Tr 1 TTrT j 

Ap -o , Er^o Egf 2=o 

E e - -jtoAft - j 3 feinie~> r [ C^ykA)/* + R ^ &"C 3Vg | -sfre 

b. W« - Hii! « I LI* H ^ 11 ^*.^ 1 " '— IF -9 ^ 

iJ I SAt'-r 1 M 1 K 

U«>»= «5 r* Wove = ML* |L|*|{ * 

- 7 /I \* 1 T ii I f s>nflO/h + R e 3 ? sio03)/B V I fs^Q 

"w(xnM-\ \ i + P- 


6=1 
A= ¥ 

sme = 1. 


11(6-2,^)- 8 (a)-|Id| 


' & 4 ) x 


■:M 

,J 2. 


+ Re- 


■fcl 


I -t R 



10 5- Usiflj ClO- r t) ) the first Maximum occurs exactly coheri 
2m+ 1 c: 0.74^ and approximately aohen anH-.l»-.i . J^ u s 

a. Exact ; 0 m = Cos'T' ± £(0.74*)] = io° ^ Cascio 0 ; ^ | ± -* r 0 74 , x 

4 = 0 . 74 ** - 0yf „ * J 

2 ( 0 .ol 5 i ?) ' ^- 42 A -JLexdct 

Approx , e m - cos'[l ± it 0)J - 10 ° =j> coscio 0 ) =-l±£iCl) 

2 Co. 6151?.) ~ 32 . ? 115 A ~ -^apprbK . 

b. lisin^ ClO-7), ^ 0m = C °S 1 [l -£jUwi +t)] ao'ctVi Ahe minus $iyo and 

(drtlo (exact - ^ 42 A and Om + 1 ) *• 0 . 742 , 2 .? 3 , 4 .? 6 , £.77 a??, 

1 1 and I 


0>no 

= 10 . 00 °, 

0mi = l?.?5°, 6»u = 26.05 

\ 00,3 = 30.7?° 6*4 

6*5 

= 3 ?- 2 a 

0^6 = 42.7?° 

• 


OOiih 

■®a.ppmx 

— 32-7115 A ay)d 

2jm+l = 

1,3,5, ‘7, ?. II, 13 

Gmo -10.00°, 

6m 1 — 17.36°, Gnii. 

^ 22.48 

°, 0W3 — ■ 26 -66°, 0m4 

6*5 ^ 33.60° 

; 0m6- 36.63° 



c - Usmq Cio-io> Gn = Gos 'Ci - 

v. A V 

"r)> *= 

H,2,3, 4 •• •• (OH-ln 


S4 

Xexact = 24.4-2.A 

X 

approx *r3i.?l|BA- 

Bno 

“ 

16. 45’ 


14 - 16 ° 

6ni 

=2 

23. 35° 


20.08° 

6n». 

rz. 

28 . 70 0 


24-65° 

0n3 


33.26° 


23 . 54 ° 

0«4 

- 

37.32° 


32.00° 

Gnfe- 

= 

41. 04 ° 


35.15° 


d. Us'mj CiO'U) =^Rr =6o[l-4i5+^(^f)-C 1 C2M) + 

JU jUxact =24.4^^-; 

■kX/u = 48.84 ^ fin (46 84 ) = 3-88855 
2kl =306. 87077 ^CiCiH)=C*C366.8 7®77) ^ 0 ^ F^H-|. 

SwC^iyaH = sin C 306 . 8707?;/ 3 * 6 . 87 o 77 = 00275 

Rr = 6o[l-4IB + 3.88855 - 0.00275} =3<8. 05 

CCbnit'wueJ) 
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10"5. CCont'tO 

£ = Aoj^piftox = 32.7115 A. , 

M. =65.8-23 = ^wC65-823) = 4.186767 

Zki = 4l3. 578 1 =7 Q C*ki) = C; (413.5781) ^ o frw*i F«J 
siftCaM/z*! = -Sin (413.578 D/4I3.S78I = -o.oo2.i68 
Rr = 60 ( 1-415 + 4 16-6767 - 6.002168) = 335.788 

e. LW CIO-13) =$D 0 = 3^[4rC 0 s~ l d- 1 

J 1-415 + A*(j£) -O(ak0+ ~^r ) 

l! =lexa rt = 24-42\ 

&t[icos'U- f|£)] = ll-427?7 

&= j L C I | 1 4^7?7)* 47-2722.7 = (6.728 d!3 

5.3 od «7?86 

4. = approx =3-2. ?ll!> A 

Cot =13.282337, 

O o = ^_ C 1 3.^8233 7) *, 63 (5oY5 i 7 -,7.7f44B 
5-5778 


10 - 6 . 


a 


Exact ; 


60 cos [u H (0.742)] , cose 0 = 1 -t (0.742) , 0.7063- 


60-7+2) 


0.0737=^(0-74^) 


() = o,T4a.A _ , 

2O0.0737; 5?6 A 


Approx ; 

6 m 0: C0S' l Cl±^(2ttl+l)) , >11=0,1,2, ■ * • 

6o^ Cos'Cli^l)] ^ CoS 60 2= 

Crs ( 2S°) — 1+ — 0.?o(3 , ±|j-2:0.?o63-] = 0.0?3? 

^ ~ 2 (fa 093 7 J ~ 5-3366 A 

k ^c(3.?6 A) =2TT(3-?6) =• 24.88, 2^ = 47-76 

SI ntikD/sU = -0.00777, in(M/Tr)=ih(7-42)= ^o6?3 
1 y>( 3£/\) =ln(2 (3-70A/x) =-2. 06f3 


CiM) = C(4?. 76)^0 

Rr = 60 [ |.4|5 + in (M ) -C; («M) 1 = 6o['- 415 1 2o6?3 - 0.00? ? ? 1 =208.46 

ir/ ( Continued _) 
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ID "6 CCont’ol) 

c D = 2 Cbt^CaCos'C I - 6 - 371 A/O ] _ * Cot ^[ ± (bf '( I - ^ 

1 415 -t Iyi(^/a) - CiCM)+ /. 41 s + 2 . 06 f 3 -o-o.oo??'? 

4-0. 6?54 _J 11 CJU2 = |0.(S86dB 
3.47431 

10 _ 7 Pt= 2 

1-415 + fl.n (2 A/a) — Ci(2h£) + SinC-^Vi-fel 

a. j t=2X; 

Cot [ ^CosVl- ^-)] = 3.121S66 

HyiW a) =ln(4) = l-3862?4 

Ci(2^t) = G C8ir)^0 -fro* FijUl CdppevidiA. ILJ 

sinuU)/(2M) = sWi^/giTj 

Po= ^C3.12 t 7S6g) 3 - =: 6.°)84 — §.444|3 
1-445+1.386^4 


b. £ = 3 A; 

CotCWCl-^;]* 3.8<?5 H 
j 2 y,(^/A)=JtoC 6 ) = I.W 5 ^ .. 

C;OhJO = CiCuOeo from. Fi§JH~l ^ppe« •* 
Sin(2*D/<4H) =sinCuirV^) 

2C3.8?5I?) X - 44628 = °|-76dB 

1.415 t l-'7 < ?l r TS < f 

10 _ 8 . a. The characteristic impedance of <\ lossless 
transmission line is f^en by £ 0 — 1 / ( k~ 

where. L is the inductance per unit ten<jtViCh/m) 
and C is the capacitance per unit leiAgth Cf-/*") 



qf -He Hine. Fora "tioo-coire transmission Ljne y 
as shown in F+j.Ca), the charo 4 eri.stic impedance 


is ^loen by C3 -It ) °r 
= 120 Cash''(^)=| 20 in 
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10-8 CCont cl) Which for S»a reduces to 

S ^ Ok 

^ lie h(£) = 120 (1.3026) $Ofl, 0 (-§t) 

Ho ^275.31 i«g to (|:) 

For a one wire aboue a. ground plane "transmission fline, 
its characteristic. impedance is egual to [see Fig.- Cb) 3 
Z=±£> * ±(2*6.30*3,0 ($) =138.155 QtyoC-i:) 
ft>r s /z - h and Q- ^tz, it <2xn be written as 
Z — 138. 155 -l^ioC^-cir) t cohere h is the he)<jktef the a>ire.> 
diameter d, aboue- "the ground plane, 
b. The expression a.boue compares very arell with C 

10 ■ - 9. a. af = e tjfek ^ - e” J kh cos * 

s 2i ( eWasif _ e) khoisi \ 
zj J 


AF = ajsin(fehcasip) 

cos tp = sine cos<A % 

AF - zj sinfthcosyS-sine) = zj sun sine- cos^) = zjs\m($si no cosp ) 

b. Fe = E$ Csinjle UJire) AF 

. , /ir » s ( . Rin r ^ CGo.se -K)3 > ^ ^ioe3 k r -i^K-co4&) 
= ZjSin (-£sm 6 -asp) ] Sine ~rr^ — — 1 4nr e 



*(Cose-K) J 


Rl= 136 (4-T ) 

= 138 ^,o (4^^) =13© tofr 0 (4*5) =I38-^io^ 0 ) 
Rl = 138 C 1-3010) = I7T--F4Z 
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10-10. From CIO- 20) => D 0 = 2.94C£) + 1. 15 

a. (= 2 X; Do - 2 .? 4 (a-)+ I 15 = 6 . 43 = 8 . 082 dB 

b. C=3X; D 0 = ^.?4C3) + M5 = < ?.?7 = ??8 l Tde 
Problem (0.-7 

CU UiA) = 6.984 = 8.44JB 

Do CJf=3A) = ? 4&28 = 7-7*d5 

10-11. D 0 = 8dB = (oJo^ D 6 (dim) 4- DoCdim.) =IO ae - 63076 

Frew Oo-^o)^ DoCdim) = X74(k) + i <5 = 6-30?6 k =1-^5 
J?= 1.755 A 

Usiwj ClO-in)^ 26 0 = l d - 5 ?(x) A -78.27(|.)-H6777 

260 = 13.39 0-7 55 )*- 78 .2'7(| .7 53) + 1 6?. 7 7 
260 —73.65° 

, » 1 

10-12. Do= 5dB = lo^, 0 DoCdinO => D 0 (dim ) = |o° 5 = 31623 

Frew (10-20)4 Do (dim.) = 2?4(-*;)-H.I5= 3.1623 4 X = 06844 , (=0.6844 
Us'm^ Cl0-|?a)4 26 0 = -l4?-5(^) i + fo3.4(7:) -80?.5(^)+443.6 

26 o =-| 4?-3 ( 06844 ) + 6 o 34 ( 0 . 6844 ) j -- 80 ?. 5 ( 0 . 6844 ) + 443.6 
^ ( 24 . 34 ° 

10-13. a. 20o =- (473 (£) 3 + 603.4 (*^-S0T5({)+ 443.6 

- 147-3 ( 0 . 5 )^ 4-603 4 ( 0 . 5 ) 4 . 80 ?. 5(0. 5) + 443 . 6 
260 ~ 1 71- 0375° 

t. P 4 »2.?4(jc)+M5 
=2-74 (0-5)+ l.|B. 

Do= 147+ M5 = 2.62 = 4.183 dB 

c - Gr & = 6* Do = 0.35 (2.62) = 0-717 
Go =0.717= - 0.376 d8 
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1 0-14. &= ?d6 ~ I0° ? = 7. 7433 

Q. <77433 = 2.74(£)+U5 

J-~ t 7.?433-MS . . 

A ^7?4 = -2.3106 ^ J?^2.3io6A 

i6o =I3-3 ?(x) 4 '-78.27(^ : ) + 16?. 77 

=(3.3? £2.3106)*- 78 .27 (-2 3106;) +167-77 

-2&>= 7/-4? -(80-8507 + /6?.77 = 60.41* 
ifio = 60 . 4p 


C. D*=DoDc 

Qx-2(N(^) = 2 io C^:)= 5= 6\?8?dS ^‘7.dl3 
D* = 7 7433 (5) = iT.'lieS^IBYeT'YciBOi^dB 
Dt(d8) = C6CdB)+D^cdB) = ?+7 =l6dlB 

10-15. k + hi = 0.25 A, a = 0.25x|d 3 A 


a. Using R^IO-ll(b) =»h,*-o.|4X 

Therefore the. tent is made at hi ~o.|4* abooe the^rouncj . 


b. 

C. 


Us'i*^ Fig.lO-llds) ^ R=24 churs 



1 R - ?0 [ = 

24-30 

1 R+*«J 

24+50 


0.35(35 


VSWR.=^ 


I Tin _ i-^ 0,3513b 
l ~ lrl 1-0.35)35 


= 2.083 


10-16. S = 7v/50, A = 3X|0 s /4)aO e = f - 0.7B m 

a. Usinj Cl 0 - 2 &a) 4 C = 110 =: vSa7a/5o) = A/5 = 02 A 

C = 0.2A = O.I5W, 0~0.27^/tt = o. 06367 A = 0-04775 m 

b. U=v^c r -/SMlr =^/ik+5 - a««ms>..<M5M4 s. 


c. La= NLo = 5(0.2007775 A) =- 1 -0047875 A =0-75374 m 
d- ot = XTah" 1 ( = Jbav\'(-|-) = fcxk( = W(-jVj = 5-71° 
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10-17. -f = 300 MH« =} A = 3O0Xl0 6 /300xio‘ = lm 

a. Near optimum ^ C ~l«i 

t. Pltcln angle near op ti mum is °C — 14 
Using CIO-24) ****»H£ )=»f = tanoc = tanCl4^ = o.^33 
s =. 0. 24733 C. = 0 . 24^33 A = 0.24.733 m 

C. Using CIO -30) =^R|n — 140 C •^•) = 140 ol,ws 

d. Usi»3 Co-30 * HPBWOtejreeia =4637" 

Using C 10-32) 3 FNBWCdegre^ ^ M 5A 3/t = || 5C1) 

U*»J 4 ft S:IBN «. = .s-w IOi ,?1 

= 18. 6W5 = 12 718 dB 1 2C5)+1 

AR (f&r increased directivity) •= (2N + l)/f2N ) = yygy — 11 


£c~SO) 

in® 


Rin 


140-50 



140 4 SO 


= a. 47368 


V-SWR = I + * = H- Q.47368 2 .8 

I -(TI 1-0.47368 

^=75; 

Ipl = Riw - Zo _ 140-75 _ o. 30232.6 
V1 R;n+Zo 14-0+75 

VSWR- ^ ^ = 1 + 0-302326 - | ( g67 
1 -iri 1-0.302326 

10-18. The normal ijecl far-field pattern is 

r r TT \ f .r-« SnCCH/lW] 

E= Sin U J CoS & ■ ■ sin r m'} ' 

where y- £ 4 (£g„SG- £) , (+L=NS = 5 -CO •M? 3 ^i- 24 f&) 

K ’ L = l-24665->H 

a. f>= L /a» 1.246(5 5- A=lm, 

^Ao+l 0 24933 + 1 ~ °-'?f735'. 


t>. D = - L/A ° _ _T2466b -o?239 

.9 A. + ( 2 M-*l j a24?33+l.l 

C. P* 1. 

CGntinueol) 
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10-18 CCont’d) 


Helical Antenna ( Ordinary End-Fire ) 
0 



Amplitude- Petter* 

ft<j % F 10. if 


Helical Antenna ( HanaenWoodyard End-Fire ) 



tao 

F.j.F'0 l»Cb> c OntinueO 
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lCHSCCchty) 


Helical Antenna ( p = 1 ) 
0 


00 


Amplitude Pattern 



fij. P10.8CO 


10'19. Usinij Computer fVojjram Directivity at the end of 

Chapter 2. 

a. Ordinary end -fire ; Do= T-2301 dB 

b. Hansen- Woodward end -f ire ; Do= ll- < ffi443dB 

C. P=1 ; a=?<45tffe(B 


203 


10"20. f = 500 MHe ^ A =• 300xio 6 /50oxio 6 = 3/5 = 0.6 w 

(X. Near Optimum =^C— A-=-0-6iw 
b. Pitch an^le near optima is c< = |4 0 
Using ClO — -24) ^oc = tan H (~) ~ ka.v\ oi =■ tan (4 = 0.24733 

S = 0. 24?33 C ~ 0. ^4?33 A = 0-147 5? 8 m 
C. Using (10-30) =>R;„ - 140 Cg) = (40 ohms 
Us'imq (10-31) ^ HPBW (decrees) - _ 5 -V 

J J Cm/KTs t^Vs/o^ 


= 4£. 57 


*4733X) 

Llsjna C 10 -3*) ^ FNBW (de<jvees) ^ |15 _ i . ^ A i/i. 

*"» 00-aa^D.c,,^ = ^7f = f3^f1xr' 0 ^ <(t ' T “ 

AR (for increased directivity) ^> 0| = lB(S) = <<?? a , 2 '^ 

=. 2N + 1 = 2C5) + 1 = _LL =].l X 

2N 2.(5) 10 

Z 0 ~ SO 

= 0- 47368 


in = | R:» ~ z ° = 

1 Ri« + Zc 


1 - 

(40 -50 ' 

1 

(40 ■+ 50 


VSWR = — * * rl = l-t- Q-473 68 ^ ^.g 
I — in l — 0. 47368 

Zc = 75 ; 


_ | Rivi 

R;v» + Zb 


_ 1 14-0-75 =0.302 326’ 
140+15 


in = 


VSWR~ l + irL - 1 + 0.302326 <1: (.867 
I -IH 1-0-302326 


10-21 f- 50CMH? -+ a = <s o c™ 

a. a= tan"'(|-) 4 S = C tano< = ffo- tan (I3“) =60 (0-23) =13.852 Gw, 
HPBW (<toqrw».Q = = 52- A* A = 52(60)^ = 52(464-758) 

1 rbzCM M 5 £iW «<WN-Cl3.85-y 


M = 


I3.S52_ 


[- 


L f7Cb\i2 ' 

eo (4S-) -] = -T 3.slf =5.783? ^6 

b. ft> = 15 Nl- — = |5-(6)- ft 6 ** (13-652) = 30^(13^852) =^o. 7/8 =|3.l7<fdB 
A- 5 (6o)3 60 

C. AR - — ~ tl = a<r6 ^ + J r = li. =1-0833 

2M 12 12- 

d. C* = -A A. = SO C-vu 4 Ai - So( 4) = So ow, Ai = 

fi =3.XIO , ‘/80 = 375MH? 

Cj = ^-A -2 = 6 o ewi 4 Ai= 3 (Go) - 45 -con t -fa.=- (T 66 - 6 7 MH-? 

Ro = 140 Cl) = 140 ohms , F?i =• 140 ( ^-) = |05 ohms 
R?. = 140 ( -$■) — (88. 67 ohhis 
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10 - 22 . 

a. 15 =10 aCVR) => &0/fc) =I0 I S = 3I.62, CiA, s= Vio 

31.62— I5'N • (lo ) -=>M-2|. 08^21 

k ad — 2N A _ 4-2.“** 1 

b - AR ~ ~W H = '^38 = 0.zdB 

C. HP3W- 52- A Vi 


AVaKVio) 


= 1^2 = 52 /Is" = 52-C067) = 35. 
VTT 1 


98 


= 0.626 raj 


Do CKraus) = 4^53 . 4DJK = ^ , ,5.*; dB 
©id ffijd C35.88) 4 - 

Do CTai % Pereira’s) = 72,815 = 72,815 _ 

®.i+®A ^' l4 ldB 

d. f = ±(k.St5)=±(^(Aj» 

@ = ± 44. 5 7 ° = ± 0.78 n^Tavis 


ISc 


10-23 


N= 10 

f =I0G-Hi 
C= 0.75 A 
06 = 14° 

Sl *ee 3. a< C = 0.75^.< ; |A^ of Operation is Axial 

* (End- Fire) 

b. s = c itanot = 0.75A.Jtan Cl4 6 ) * 0-75-A.-C0.a473) - 0. -*367 A 


HPBW 0^fen36?A) 35 ' 57 ° CfNT 

C. a = tSN-^f- =15 00 )■ ^?5A/a2367 A ._ ) = 3^ 07 = |S 06dB 

Do^ 41,253 __ 41,253 = 32.61 =i l5.l3dB 

©.aflhd (35.57 ) x 




52 A 


3/i 
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10 "24 n = io f =. 500 nh« 

C = A p- n - 5 Watts 
Eo = 7 8 

(X. R — 140 C x) = 14-0 ohms 

r = -|^ = J40^7§ = 0.2844 

*<■*■ 4> 1 4.0 -f 78 

Prod = ci — i o. i 844i i ) ■ 5 = (wnis-cs;- 4.5?5 

Prtxd = 45?5 Watts 


b. 

C. 


d. 


10-25 


= §FF> = 4n^) 1 “ 0 36ST6X.6® 
Wt'sotropic = 3.656 x I0 _? = 3-S56 n Watts/ m * 

Po - I5-N- P-^. - (S- C 10) • At A - |5 = II ‘76dB 
A 3 10-A 5 


w 


helix 


Hvxx* 


- Wfsotropic- P 0 = 3.656 X 15 XIO T = $ 4 . 84 >(l 6 ' F 
W helix | = 54-84 KI Watts /m^ 


Aew 4jy ' Po , A -fT* §J^T - O.e meters 

Aem = Os) = 0.42<?7 **P. 

P„c = Ww, ' Aem = 54.64 xio’ w-XafT)- «.B»» « ' 

Prec = i3.5£XlO F Watts =23.58 Watts 


/\p - .2IV + 1 


= 1- 025 ^ 1 

40 


10-26 


PLF = I dx * f ^ j pa [ ±|\ i = -s^oidB 

VSWK = i ± iC { . Hrl - MC - M ), |rl = = o . 0476 

a |rl = I #( z ».-g<=) | ;;■ /»■- 300 |rt(a.+ 300 )=±(&.- 300 ) 

I Hl+2c | £t + 300 ' ‘ 

H L (|r| T1 ) = 300(4 1 -in). *.«M0(-£fi) - 

2l *'j 300 < ~ 0.047 6 - ~ 1 ) = 3°°( | .oy5g) =328.44 

+*■300 =3oo(o.3o9) =272.74 

° 04T 6 + 1 ' 

b. = -186 , 27^-74 ^ 6 8.l65 

4 4 

A/.2 Resonant folded dipole will ’transform 
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10-27 U(M) - lEel 1 = Sin J e l I 

IW = 1 1- e^e J ‘ fes,i -e^ei feSl4 1 * 

P„ (6,0)- S' 1 6 [ — - a ^ 

1 1 - e"Jf e iltS,i - ei5 : ^ji ,s - i *| A 

E - plane ;^=I i 0^6 < -2 n 
H' plane : 6 = £ ; 0^6 < 2 it 


10-28 


a. 

b. 

c. 

d. 

e. 

f. 


See 



16.8385 d8 


'i y\ beloto 


n .^ U-91 dejn?es 
17. 9358 decrees 
15.2^90 dB 
I 5. 1964- cl6 


E and H Plane Field Pattern of Yagi-Uda Antenna (Prob. 10-28) 
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10 29 Q S ee pj^ure be|oc2> 

b. 7.2?577dB 
C. 54.0517 degree^ 

d. 65. 7668 decrees 

e. '7.6504-4-o(G> 

f. 7 64547 4B 


E and H Plane Field Pattern of Yagi-Uda Antenna (Prob. 10-29) 



E- Field Pattern 

H- Field Pattern jjq 
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10-30. Ao= 3x|6 8 /fo = 3xlo a /^.(6X|o 8 = 1-388? fti =138.8? cm = 54.68'” = 4. 56' 

Since the of a V 2 dipole is 
<*> = IOj!oj lo U. 643) = 2.156 cz 2.1548 
"then the gain of the Yag'i-Uda array Caboue a Vi dipole) is 
Gr= 14.4 -2.15 = 12.2 5 d8 Crelatu/e to a A./2 dipole) . 

To accomplish this, according to Table 10-6 , it Would require 

a. 12 elements C 1 ref lector, 1 feeder, 10 directors ) 

b. Sia C reflector -feed) = 0 . 2 Ao = 0.2*78 = G-?l 2 ft 

C- S«fc (director spacing) —0. 2 Ao = 0.278M = 0-9 12 ft 
ol- L- 2.2 Ao = 2.2 fl. 388?) = 3 .0556m = 10.025 ft 

e. For d/Ao = 0 . 008 S , tr=0-482Ao, <U' = 0-432Ao, C=0-4l5Ao 

Is = 0-407 A 0 = (il , If = o.3?8Ao = JL« , A«7 = 0-3?o Ac=- is = A? = £io 

f. Fora desired d/A 6 ~ |^|g = 000686 4>d~ 0.006 86 Ao = ?-53>|l6 s m = 3 ISxIO^ft 
Plot the lengths from parte in Fig. 10-25 and draw aoerticai <Uru? through 

d/Ao=0-0O686. You will find that the uncompensated lengths are 
H,=0.A82 A», ls = 0-+32Ao, U~ 0-420 Ao, t5'= 0-4(2 Ao = j2i1 
ie - 0.403 Ao = An , It-? = c.3?8 Ao = Xg = t-? =jAo 

3- Tor a D Ao= j^ = 0 0,37 =>0-0-0137 Ao= J.?xio*tt = 6. 25 Xto'^ft 
Jou -find from Fig. 10 - 26 . that each element length mast be Increased 
by aJ. =o. oo ?5 Ao - Thus for the army design 

= (0.482 -t- 0-00^5) Ao = 0-4?15Ao = 0.683#, -2.24 ft. 
k = (o. 432 4 o. oo?5) A 0 = 0-44(5 A 0 = 0.613m =2.0| ft 
U = (0-420 t0.00?F)Ao = 0-42?5Ao-0.5?6m = |.?6ft 

is =4u = (0-4J2+fl.00?5)7lo- 0-4215 Ao = 0-585W = l-?2ft 
16 - i^U = (0.4O3 + O.OO?5)Ao=: 0-4125 A o = 0. 573m - /-88ft 

4a=lg= £? = f, 0 = (0.3'j’8 + o.OO?5)Ao= 0.4075Ac= 0-566 m =1-86 ft 
The driven element should be. o, A -Az. folded dipole . 
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10-31 a VHF-TV channels 2-6 C 54-88 MH*) 

Ao * 3x|0 e /fo = SOOxloVsexio 6 = 3.4 07" = 134.216*= II. >8 ft 


The gain l nuwberof elements are the same as for Pmb IO-30- Thus 
^Tain — Q ~ 14-4 — -2 ■ 15 = (2.25dB (relative to a A/z dipole) 

According to Table 10-6 and Solution of Prob I0-3O, the des.gn requires 

a. 12 elements Cl reflector, 1 feeder, Lo directors) 

b. S,j.( ref lector- feeder spacing) = 0.2Ao- 0.68l6n> 2 . 36ft 

C. Ssfc (director Spacing) = 0 2 A» = 0-6816 w = 2.236 ft 

d- L=2-2 Ao= 2-aC34o?)w = 74??8m = , 24 . 6056 ft 
e. For d/Ao - ° 0085 ^ „ 

1, " = 0.482 Ao, if = 0.432Ao, if' = o.4i5Ao, fie = 0.407/\o = Atx 

$6 = 0.3T8 Ao - C , in - O W * = 0* = 


f For a desired d/ Ao = ^- = 0 - 0027 T 4 4 d = 0.002T < f4Ao-0-00TS2m 

T. ror a desred 'Ao 1s4 2|6 -|_= 0.0312 ft 

drawing a vertic«.l through ^/Ao - 0d027?4 i M Fig. 10*2 5^ 
leads +0 the uncompensated {enqthtof , 

fiV = 0.487 Ao, (f = 0.452 Ao, i/- 0-438 Ao, 0.432 Ao = An 

J|/ss 0-427 A» = 4u , jlq= O. 420 Ao= ^8 = *7 - fi| ° ^ _ 

4 FY a D/a,= ^- = 0.005588 ^ D = 0.0C5588Ao= I-Txio rn = 6 i5x|0 t 

^ >ura //VO |34 2 | 6 

you find from Fij 10-26 that each element must be increased in length by 
Ai ~ 0.003 Ao . Thus for the array design 


h = (0-457 + 0.003) Ac = 0.470 Ao = i-6704« = 5-4782f* 


£3 =(0.452 + 0.003>Ao= 0-455Ao = 1-5511 m = 5.0867ft 
U =(0438+ 0-003) Ao = 0.441 Ao = l- 5034m =4T304ft 

=(0.432 + 0.003) Ao= 0 435A 0 = l-482f w = 4-8633ft 
An = JU =(0.427+0.003) A»= 0-430 Ao =1- 4657 m = 4-8o74ft 
4 7 =jt 6 = jj, =i,o =(0.420+0. 003) Ao = 0 423Ao= 1.4420 m =4. -72?/ ft 
The driuen element should be a A/ 2 , folded dipole . 
b. VHF-TV Channels 7-13 Cl7»-2l6MHa-) 

Since the design is performed at the upper frequency of thedesmed frequency 
band Cin this case f 0 = 2 |G mhh), and it is assumed it accomodates oil the frequencies 
below fo(f<fo- 2 l 6 MHi), the design for this part is identical to that of fVd?. 10-30, 
For the specific details, see the Solution °f Problem 10 .- 30 . 
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10-3 2 -fo - 108 4 Ac = 300 x ^ 6 = 2.776 m - TH34 ft 

i»8 xio 6 

Grain = Q = 12. 35-2. 15 = [ 0.2 dB C relative to a. dipole) 
According to Table (0.6 ( -tlie design nfcjuires 
a - 6 elements C4 reflector, i feeder , 4 directors) 
b. s (a C reflector -feeder Spacing) « 0-5556 m = 1823ft =0-2 A» 
C. Cdi rector spacing) = 0 . 2 $ Ao = 0.6?445 r» =■ 2.276 ft 

d. L = i-2 Ao - 3.3336 m =10.936 ft 

e. For =1/40 = 0 . 00 85 

K =0 . 482Ao , J>/ =• 0. 4-*8 Ao - U' , i.4 =0.420 Ao = H5 


f- For a. cleared d/A 0 = =0-00 342? 

4 d = 0.00342? Ao = S-O^Tx io 5 m =3125 Xlo i ft 


drawing a Uertifol line throuqh ^/Ao — 0 


y 


-leads to the uncompensated lengths of 


h'= 0-48S Ao 
JI3' =. 0 - 44S Ao ~ fa' 
Hf =. 0 438 Ao = 2 s" 


in Fig 10-25, 


5- Fora l>/Ao= = 0.00680 D=6.86A t) = l. c ?05X|6 -l m = 6. 25 x 1 o'* ft 

1 O 7 . 3 v> 

you find -from Fig. IO-26. that each element must be increased 
in length by 42 = 0.004 A 0 . Thus for the army design 
J?I = Co. 485 + 0.004)Ao = 0 48?Ao = 1-358 m = 4.456 ft 
=(0.445 + 0.004)Ao= 0 44^^0= I247W = 4.0?2ft 
is =i4 = (o. 438 1 0.004) Ao= 0.44-2-Ao= |.228m = 4.028 ft 


The driven element should be a ~Nz folded dipole . 
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10'33. fo= 906MH2 =b Ao^ fOO* 10 * -0.37.Z2m = l.2i|ft= 14-654* 

806 XlO* 

Quin = Gr — 12.35-2.1 5 = 10.2 C relative to a -V2 dipole). 
According to Table 10.6, the design Quires 
a. 6 elements Cl reflector, 1 feeder, 4 directors) 


b. S|i( ref lector -feed spacing) = 0-ioAo = 0.074t#m = 0-.244zft 
c - S; (t (director spacing) = 0.45Ao = 0-0?3 m = 6 3053ft 
d- |_=l-2-Ao = 0.44.665 m = I- 4654 ft 

£. For d/^ = 0,0085 ^ d= 8 Sx|o -a Ae. = 3-16 Xl0' 3 m = 104 xio _i ft 

4."= 0.48A A» “ 0. I7?4 n > = 0 5886 ft 
i£ = 0-428 Ao = O.I5?3m = 0-5x16 ft = i<f 
j 5X = O.420A0 = 0T563YW - o 5U9ft =■11 


f- Fora desired d/Ao= =6-4 Xid 5 4> d -0-00^38 m =00076-2- ft, 
drawing a, v/erlica.1 line through d/Ao =0-0664 * Y4 Fig. (6-25, te«Js 
to the uncompensated lengths of 
!' = 0.484 Ao = 0.1801 m - 0.5?l ft 


is = 0-434 Ac = O.I6l5vn = 0-530 ft -U 
l4 = 0.4-18 Ao = 0I7?4 m = OS- 17 ft = ** 


8- F»r a D/A d = 0.0|i7?5 D=0 0U7'?5Ao = 4.76xio i m =l.56/lo' l ft 

)|ou find from Fig 10-iS that each element must be increased 
in length by a4 = 0.0076 Ao. Thus for the array design 


f, = ( 0 . 464 + 0.0676) Ao= 0-4?l6Ao= 0|83om =0.6oo3ft 
i 6 = ls =(o.4344 6- 0076 ) Ao = 0-4416 Ao= 0.1644 m = 0-53?3ft 

4s = fi 4 = (0 4 - 184 - 0.0076) Ao = 0-4356 Ao = 016 U m = 0.531? ft 
The driven element should be. a. A /*. folded dipole . 
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11-1. pk-o, Tr ; i ^ 10 MHz , e* = O-S^IO'^A 

a. ( L = (p. -p.)/i + i 

A= _ 3 oxio_ t _ 3600 C>V) = 30 *, ^ L - A= 3 0 **i 

(0 < (0 

Thus / i — 

i A = 0.5 X 10 3 A Le - ab- 

solving iterativ/ely , it yields 
a = 1 . 1 66 racf 1 

b. p, ={) 0 e <X< ' 9S ''* So) =: 0-5 x|o 3 Ae l-I66a,r ~ 0) = 0.75?7?A = 

ac0-fg o ) U66C0-O) , ^ 1. 1 «S«S pj „ c:x o M6tf ^ 

C. p= p, 6 - =o.oi5e =o.o|5e =6.5Ae 



11 - 2 . 


Using -the jeome+ry of Figure 11-3 

Using C 1 1 —-26 a.) =$> <* “ tan 1 (' ( 

= *an 1 (jEK \ = fan 1 / ^iiT? ] 

M^r ) \ ) 



As "tile spacing between "tW elements approaches 2ero 
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11 - 3 . D» = ?c{8 , R;« = 7522 - 

cx. f = (54-2I61MH2 D l = UoS.em, P s = 6.V76om 

Optimum rf\ -0.175, Z| = o.js 

Do=?de Ct=?cie 

O^-W ( L~ o ° 1 j ) ) = 5-7// J , Bar = i-'+77(i-o.?3) i coto( = 1*77 

Bs= ^|-0.477)=3.?68, ^ = IS? = 5 ' 55 ^ 

L= &«** - ^c- Tfes) atC5 ' , "‘- , = M ' 538 ’" 

m_ 1 . Hn(5.7o8) =25.^77 ~ 25 or 2.6 elements 
tnCj^,?3) ~ 

//= =0.1815 , i ““ 1= = 2.7761", d»« = «•«*> *'•*’«» 

= 145.8266 

usinj (11-33) 2^ a uo[M 14582 * 8 )-2.25ll =327.8? oh 

^•/R; n = 3-?7.fi?/75 =42-372 =* W&f» - MS (R-om F\jlN4) 

Zo= U5C75)= 86-25 oti»rvS 

5 = :£ Cosh ( ®^E.} = 0-75 &shCo- 719) = 0.750*6961) = 0.?522 ' = 2 - 420 v, 
b. A<jwn "from 0-- 

7 = 0.93, *= 0.175, 02=5.7//°, Bar = 1-477, Bs“ || 0 W>-2.4o7 
Amax = 5.556 m , La 5^0- Cot C 5.7//°) = 8.1187*" 

|\|= 1+ jjvu. 4 o 7 _ 13 | 0 ^ n=. 13 elements 
in C 1 / 0 . 93 ) 

0.1815, iwcxx =2778*" , - 3 ^- = \ (*5-8*68 


1-905X10 

-Z (X=v327. «?? oW, -|S- = 4.372 = Zi>= MS- 


C75) = e6.25oUi 


■ o • — r - f7T — — — 1*19 1 j — oo,o onm \ 

l\.tO Krv> 1 

3 = 4 Cosh ( = 0 . 75 Cosh (0.91?) = < 3.75 (/■ i 6J6() = 0.f5*2 = s-V-zc™ 


la-0 

C. Aqaiv\ frov» a, 


7=0.93, ^ = 0.175, <X=57//°, 8ar = l -^7, Bs = ^|a-477;=> 1-8335 
^ = ^^ = , - 724cr>, > L= 1 - rrgfes)^^ C5.7// M = /• ?5 ? 10 

N= |+ TTTT^T = • N = <?6, ~ 10 ele ™ e ' v '* r > aSS" 3 ^f = ,43,53 

inc/ 0 . 93 ) 

Ea= 120 Tin C 143.53) -22S3 = 325. ?S8 ohms , ff w = 4 -3465*^ = (-2 

£ 0 s-|.2C75)=?£) oWs 

£= 0.6 cosh (?°/uo) = 0-6O.29V7) = 0.7768 cm (Continued,) 


Z15 



11-3 CCo wt’d) 

d. f = C5I2.-806)MH2, Dl=0.2Cov, ( D s = o.U8Gw 
fnw a. S'l ~ 0.17 5, r=o.73, <* = 5.7//°, Bar =1.4-77 

J 'Po'WB 

> ^ ... P/_ , I V _ 

(1-477) 


Bs= (l 4W ) = 2.326 , L = ( 3«<0%MK>*X l- zfa<)6t< - 0-835*, 


5 |a ' ~ ' 4 

N = I + ln(2-S26)/uCZo.<)3) ~ ,2 6 ^ ^ N = I3eleiftievfts 

Jn»ax=^ <U = 0.^?3m, 1^=0^ **3. « 145-3 , 4r* r ^7 

amox 0.2X1 0* / olwivi 

= 120 rinC(4S.?) -2.251 = 328.0, ** = 528 „ 4 37 ? 

F-ir 75" 

f=0.\8\5, From 11-14 ^*,.| 5 ... Z 0 = \.\5 C75) = 8&.x5 

tgf)=Z. S3?Kn . S-i* 

6 . A<ja.m -fro no CL . 

6s= IBI27 . A»« '3.4o?w 

L’^0- £)***= 3.82073 m, + f oXhi ~ 

N = 7 6r 10 dements , imay = = 1.704.5 "W . - I™ 0 * - = I 'Jcys . „ 

nlvH/iy " ~ 7, — It5- O 

„ . I.l6ftto* 

Z<k~ 12.0 tin (145.808) -2.251 -327.875 ohms 

f . . 3W|7£ = 4 3TO7 t U6 ^ £ 0 =87 o*»^ 

£ = (1.167 Cm) Cosh C-^|-) =M6? (1-2 745) = M - %??2 c<m 

11-4. Since for all parts ffoklevn II- 3 . Z= 0-93 , -then acconli nj_ 

io (l\-27) a. A- jlnffO-JInCf.) = = W z)=in = O.O/zS? 

or f »-/-£, = { /z - 1.07527 =7 fi= 1.07527 fi 

b. fwor = O 075'^7) fJ fmi*> => N* U07S37; , T>1US 

COO N= ^, 0 (^|)/^ |o (|.07$27; ^17 (b)N^6-72? ( Cc) N a. 2.7775 


(d) M 2:6.2526 


Ce) N - 2.8 22. 
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11- 5 Usiny tfie destjn projmm. LPOAfOR, setup tfie main screen as shoal/). 

W father or not tie dipole diameters are yuantfrd moke Me difference as 
far\<j as t/ity are quantised do reasonable vcxke . 

Please see the file LPDA.DOC for information about these parameters 


1 Design Title : Homework Problem 11.5 

2 Upper Design Frequency 

3 Lower Design Frequency 

4 Tau, Sigma, and Directivity Choices... 
Directivity : 

5 Length to Diameter Ratio 

6 Source Resistance 

7 Length of Source Transmission Line 

8 Impedance of Source Transmission Line 

9 Boom Spacing Choices . . . 

Boom Diameter : 

Desired Input Impedance : 

10 Length of Termination Transmission Line 

11 Termination Impedance 

12 Tube Quantization Choices... 

13 Design Summary and Analysis Choices... 
Design Summary : 

E- and H-plane Patterns : 

Custom Plane Pattern : 


216.00000 MHz 

54.00000 MHz 

7.00000 dJBi 

40.00000 
.00000 Ohms 
.00000 m 

75.00000 + j 0.0 

10.00000 cm 

65.00000 Ohms 
.00000 m 

100000.00000 + jO.O 


Y 

N 

N 


.( 


Swept Frequency Analysis : Y 

14 Begin Design and Analysis 

Please enter a line number or enter 15 to save and exit . 
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VSWR Input Impedance (Ohms) 


11-5 CCont'd) 



0 i 

0 100 200 300 400 

Frequency (MHz) 



•-WW JVU ft! 

Frequency (MHz) [CcY)ttnU£cl J 


21 8 






11‘5 (Conic!) 


( b-j Tbe directivity peaks when the frequency is sdouvn fetout. 
Jfie- ratio of each frequency -to tfie nerd f'yhest is a/so shocvn 


fCMHz) 

r (Ratio ) 

H 3. 87 

0.6 da 7 

IIU-S8 

0. 7S 73 

is/- / 9 

0.7937 

ISO. d3 

0 . 7937 

2-dO-OO 

0 . 8313 

28 8. 72 

0.8607 

339-d/ 

0.7330 

363.77 

- — 


7fe aver ay e of He ratios is 0.8 to . 


Tfte Computer pro j ram Calculated 


0.78 


C c). At frequencies be/oco the louver desiyn frequency, no element is 
Iona encttjfi to support a half- mvelenyth resonance, so the 
antenna ceases to act as a rad/atiny structure » 

At frequencies above the upper defy n frequency, severed, elements my ft 
be capable of support! ny resonances cobich are multiples of a half 
(Pave Sen yth . Therefore, the antenna does not lose Its rad/atiny 
characteristics , but it does tend tv lose its directive properties. 
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11 - 6 . 


Please see the file LPDA.DOC for information about 
1 Design Title : Homework Problem 11.6 
Upper Design Frequency 
Lower Design Frequency 
Tau, Sigma, and Directivity Choices... 
Directivity : 

Length to Diameter Ratio 
Source Resistance 

Length of Source Transmission Line 
Impedance of Source Transmission Line 
Boom Spacing Choices. . . 

Boom Diameter : 

Desired Input Impedance : 

Length of Termination Transmission Line 
Termination Impedance 

12 Tube Quantization Choices. . . 

13 Design Summary and Analysis Choices-. . . 

Design Summary : 

E- and H-plane Patterns : 

Custom Plane Pattern : 

Swept Frequency Analysis : 

14 Begin Design and Analysis 
Please enter a line number or enter 


10 

11 


216 

54 

7 

40 


75 

10 

65 

75 


these parameters 

00000 MHz 
00000 MHz 

00000 dBi 
00000 

00000 Ohms 
00000 m 
00000 + jO.O 

00000 cm 
00000 Ohms 
00000 m 
00000 + j 0.0 


15 to save and exit . 


CcO 


Gain vs. Frequency 


10 


■10 


■20 


/ 



J 

/ 



/ 




1 

1 



- 




100 


200 300 

Frequency (MHz) 


400 


( Continued ) 
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Input Impedance (Ohms) 


11 ' 6 . CCont’d) 



0 100 200 300 400 


Frequency (MHz) 
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11-6 CCont'd) 

(6) Ttfe 75 Jl termination resistor acts as a matched had uihich prevents 
reflections from occuriny at the end of the antenna.- The ICO kil- 
ter m i nation does net prevent these reflections. Any reflected energy 
has a second chance to radiate, often in a destructive fashion 
relative- to the primary radiation. The result is a rapidly mryinj 
input impedance , gain, and VSWR., especially at loo) frequencies . 
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Please see the file LPDA.DOC for information about these 

1 Design Title : Homework Problem 11.7 

2 Upper Design Frequency 216.00000 

3 Lower Design Frequency 54.00000 

4 Tau, Sigma, and Directivity Choices... 

Directivity : 7.00000 

5 Length to Diameter Ratio 40.00000 

6 Source Resistance 10.00000 

7 Length of Source Transmission Line .00000 

8 Impedance of Source Transmission Line 75.00000 

9 Boom Spacing Choices . . . 

Boom Diameter : 10.00000 

Desired Input Impedance : 65.00000 

10 Length of Termination Transmission Line .00000 

11 Termination Impedance 75.00000 

12 Tube Quantization Choices... 

13 Design Summary and Analysis Choices... 

Design Summary : Y 

E- and H-plane Patterns : N 

Custom Plane Pattern : N 

Swept Frequency Analysis : Y 

14 Begin Design and Analysis 

Please enter a line number or enter 15 to save and exit. 


parameters 

MHz 

MHz 

dBi 

Ohms 

m 

+ jOO 

cm 

Ohms 

m 

+ jO.O 


( Continued ) 
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Gain (dBi) 



0 100 200 300 400 

Frequency (MHz) 


(t>). f\ fraction of -the source current is absorbed by the source resistance , 


and a fraction is absorbed by the antenna. - The fraction absorbed by the 


source resistance is Rs / C Rs + tin) . 
The fraction absorbed by the antenna is 
Therefore, the efficiency is e = 


Z/*) 

Rs -t 2,' n 
) i = 7 7-7% 


<0. Since the antenna of Problem II- 6 . is ‘00 % efficient CRs^O-Tl), 
the antenna of this problem should exhibit ajain pattern cohich is 
10 ■ toy (0.779) d& - -/. 09 olB different than that of problem II- 6. 
The calculated pains of the tide antennas are shorn 
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11-8 


1 Design Title : Homework Problem 11 .8 

2 Upper Design Frequency 

3 Lower Design Frequency 

4 Tau, Sigma, and Directivity Choices... 
Directivity : 

5 Length to Diameter Ratio 

6 Source Resistance 

7 Length of Source Transmission Line 

8 Impedance of Source Transmission Line 

9 Boom Spacing Choices . . . 

Boom Diameter : 

Desired Input Impedance : 

10 Length of Termination Transmission Line 

11 Termination Impedance 

12 Tube Quantization Choices... 

13 Design Summary and Analysis Choices... 

Design Summary : 

E- and H-plane Patterns : 

Custom Plane Pattern : 

Swept Frequency Analysis : 

14 Begin Design and Analysis 

Please enter a line number or enter 15 to save and 


about these 

parameters 

806.00000 

MHz 

470.00000 

MHz 

8.00000 

25.00000 

dBi 

.00000 

Ohms 

2.00000 

m 

50.00000 

+ j 0.0 

4.00000 

cm 

45.00000 

Ohms 

.00000 

m 

100000.00000 

+ j 0.0 


Y 

Y 
N 
N 

exit . 


(a). 


E- and H- Plane Gain 



Frequency (MHz) 
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(Continued) 





Gain (dBi) 


11-8 Ccont 
Cb). 


E- and H- Plane Gain 



Theta (degrees) 

3-dB bea/ruoidihs are £■ -plane - €7 ° 

(H -plane ^/o 3 ° 

CC). from the E and Hi- plane analysis ai SOOMHi, the front -to -back 
ratio is /- 2 * 87 dB 

id) The IE- plane has deep nulls because this plane corresponds to the 
plane of the dipoles. The dipole pattern has a null a I any the 
axis of the dipole ; -therefore, the Joj- periodic dipole array has 
a null there also. 
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11 - 9 . 


2r = V ") *r. (£)(&) = ! 

r = A /n J 

n = 1 -t -3 tfcr ) 2 a I -*• 3 = 2 

(ter) 3 [1 + (ter) 4 3 ia + 1) 

b = _L = _L 

f e Ql 2. 


1H0. 


1 + 3 C^r)' z ’ 
(ter) 3 [i+ (ter) 1 ] 




1 

(ter) 3 


a. 


r _ A JL _ 21 /jm _ w _ o. 

r ~ 4Q- ' * r 7^ Uo ) 20 


157 


a= 


1 + 3 C Vio) 


1 + 0.074 


« 270.4-5 


Ofo) 3 ! l+f’VaoJ 1 ] O.O03S75[ 1-t- 0.024^7 J 
Q. - 27 0.U5 

0 ~ , = — ! — T = 5 = 

^ (Vio) -3 0-003575 


b /aryer to better utilize the available volume . 
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12-1. Q. Fora uniform plane waue 

=dxtjHo 
1^*0 L 


12-2 


E a = a< ^ Ho e 3 ka 


Equivalent 

M s | 0 x E a — “*26Xj ^ H° — -Gj 2 T{ Ho over aperture 

0 elsecohere 

b. far field . 

l * «$&•** Mjf y ^ ec ^ tjv *****^ 

^ eJ ^ sinficbsp + j ^' sinflsi ^^^ 

(<r Us'mj Hie formula, j~ ^ ^ ' j 

Lfl = -2^ Ho ab coses'mjzr [snvX s'i^X j ^£inea>s^ 
Lp = -27 Ho a b cos^ [smx . smX J 


• X A. 

Y - ^^- s ' me > siia 0 


E > - - i ^ 2 » 

Eg iei ^ L fi = -^^ teei ^ cose ^ .« m £ 


a . H ^ fCtHoe ^* , eW ^ H * 

M s = ,- 2 nx E ‘ =-< 2 -&if H . over a p erture 

i ° a | severe 

1>. Far fie (4 

L& = -25^ Ho a-b- cese-cosp .Smx . £mY 
L -0 = gj^. siwT 


X= ^ine cos# 
Y= ^ sine sintf 


si nT 


E 6 i -j ^. l *e’* r si»£ ^ 

C li & 1 ^ Vr,!'. ft f o . C(f s l ' rt ^ 

L /5 -' J iirr r — j?- v- 
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12 - 3 . a. r = aj E 0 

Ms = ^ - 2 .Y) K E 0 dj =■ 0lz2E o i oi/er aperture 
0 / elsewhere 

k Far field 

Le = ^Eca-b cosa §111*. 


Cas^ y= Siw^r 


Y 


L# = -25© -a-b-sm# stn/ sin y 

Airr 


i* . e^*j*gir 4 


12-4. This is the same problem o.s pro.(u-l) except E a =a t E 0 e 
Equivalent Magnetic Current 
a. Ms — | "-itt X B a = -Q.<jZB 0/ OVer aperture 

° / ^Isecoherc 


rife 


k Far field 

E« ^ 

E<* “ -j -^^tfe'^cosew 5g>L .sj*I 

X= ^sms cc£0 
Y = -^-sme s'injz 


i 2-5. Write an expression for the incident field 

E = s'.n^-x c 0 s^ 0 ) 

At x =o , g = a? Eo e^^ /Sir> ^ 0 

Usin<j equivalent 

M = --2n*i = aj 2E c e^^ Sl ^ 

Thus Ne =■ Npr 

L»» IfM,c« es -, ve i'«>' sin6si ^ +i ' WS6, <Js^ / 

= «fec«es»s» ( ki e il«' CM6 d{ , f °* e jl>r«i^.+smesi^) ( , 

J -b/ 2 Ja/. /r .. i. * 
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12-5 C Cont’d) 


U*»3 r /A e^ 2 a?«c(^rLl£.) 
d V ^ #C ) 

L 6 -2E.c 0 sesi^[bSmH][ a smYj Uere 2= ^Cf8 

I . 5c . prf r^ . a/, ^ tfsfofldw,* +s in*) 

L#5 - -SEo CoS / j gjte'Cosed^ f e jft(Sine^viA+^nA) d 

~ h/x V ^ 

Lp - 2 E. a b CoSj? • §^X • siH£ 

Thus E e = -jkei* r I - -j abEo-cos^-fc e'J k r s'mY sin g- 
4TTr & 2 it r Y 

^er = j^ eJ -. r L fl = -*-,) abEo Co$6s'ir)0fee-3 fer sinf s'm£ 

® 2 trr y T § 

He — > He* = Ee/jp 

12 -6 . E = (<J>j E 0 Cos^ 6 + a* & sin^o ) ^ " x fo ^ > 

H = fl& Ms e i fcy «ln/r. -xcosft.) 

At X=o, E = (tty Cos^ 0 +0* b'm^o) EoS^^’’'' 2 ’ 0 
Usm^ E<juioolent M =-ari<E = -iflj Cos^, •E o e^'*7 SlM /o , TW Na, N# ~ o 

U= 

= -2tS** CW/. |*V*'" !6 <)*' C‘ V eil7' <si ^ ts! " S5 ' , "- l>) «(^ 

^ -°/i kb 

Lft = --2E a S‘meC°s0o' [b fa^i!2X_l a)kere ^ ~ 2 C ° S< 

L?= o 

Ep * i *g£ 4= -j -^ sL "*-c»vi- e'*-* ' ^ ^ 


-Seller t sm 
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12-7. q. Ms * 2 E* X n = Caj X a*) 2E 0 ei ko *'i£- = a, 2 e 6 e^ x '^ 


b. F(r) = £ 


4 k ft Ms CD 

Aperture 

Ir>4he far- gone 


ejfcrc 


ds 


If- f^v wA 

U/. 

= & ~ M^ T r /x ' d / c\ib#'Ca*tsiM-'!t) 

J -W/a 0 J-i/i 


- £ foEoLW e )- *° r sin (A ) since ) 

2 .TT V- A B 

(d here : A = ^ Ceos? sin fl - $ ) , 8 = ^slnpssinQ 
Fe = <$» F = ^ 4 ^{ ^ J- 

T> = Ojs- F = -eoE.LW eL fer { Sin (A) , sln(s; j. 

-ztt r A 6 ) 


E» 2= = jEo X T- ^ =^P I 

E* - F, = j E 0 ts 4 fcr ( C»S6 a>s/s e i Mil J 

c . fodiation intensify is moocimiwi when A=8-0 
8=0 -> £5 “0 

A=o -» sino =-§- -> 6 = ^ = 45° 

12-8. ia-fl2 E o»Ms :: --2nxE Q = -2a»Xa2Eo = a^2E 0 Thus 

M y = 21 =,, Mx=Mi = =0 

No = N, = o e 0 

L g ={f r lyrC Cos© Cbspr -h (-I > Q>?e sin^ -j>^sin e J e ‘ k ^ / ' sn,} 6 ^ ?/Cto 

= comW V?'^V r w v M ' c “ s6 d^ 

ia/, iuy. 


^ ^/z 

Lo =2$al>[cos6sm0 ^ ] , Y= ^snevsin/jf, ^ ^ ase 


(GartinueJ ) 



12-8 CCbnt’d; 

fr r ,/° , „ 0 , jka'siiie sivi^+^coie), , 

L^=y\ r-^lxSin0+MyO»sp] e J * 


s* 

= iEo-a-b 


] 


Using C 12 -IOa) ~ C |Z- (Of) 

%V- ^ r [u^]=-j^^r^.^ *2j 

1 J 2.TYT L Y ^ -J 

Hr - A. Hs - , H;> -+ I® 

12-9. Ea = dxEo, Hs = - 2 >ix§ a = -2^/dxEo =a ? 2Eo 

Thus Mi = 2Eo , Mx = M> =■ Tx = Ty = =° 

N1g = M/2s = 0 . '.^fjc'sine^os^-t-gTose) 

U = y [f^Cose-costr + CosesiM/? -Ms-siv >63 e dxcie 


^ r a/ * ji 
= -2EoSme|) e J 


w= 


te'cose u / f e CoS * f 0 |x / 
ib/i 


L e = -^Eocxb Is'ine - s ^-] , X = x® n6a>s < !r . 2 = ^ c ® s6 

l, = y ry x W + ^] ^***'+***9 dx/d ^ 0 

Sa 

Usivw 0 2 - l0a >~ (I2~l°f) 

u -ifal = -i ^^ e)k T sine 

Hr i:0 , H ft C: - .§£ Hjy — I s - =° 


P w | 

12-10 "The only difference betioeen This pr&UetV) an<A 1 2.-8 IS thot for "the jj 
variations the intend reduces to Co5 (!|sinesivijZi) 

{ ^ Cos ^' )e ’^ = -(x a ) (^nesoifOMx) 1 " 

11,1,5 j«%sL k rc«f- c ^w- ^ Y= 

^ * i®U - + j . * - # 

Hr — 0, H s^-fy/z > fyf - ^02 


C&S0 
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1211. The owly difference between "this problem avid 12 is that 
for -the £ tfiriations the in+egvtd r^duaas to 

-'-‘Vi 

Thus Er — 0 

P„, A. ; >eJ fel r , _ . ab-fcEo e- , * { ''r,-i h A SinK Cc S 2 -) 

fc * - J 47rr U - j — LS'M ~ir tifm*)* 1 

X^sinfiGsp , £= 

Hr - o, He — - £&/y , H 0 ~ Ee/>£ =0 
12-12 a. E a =^zE 0 , Ms = -£*§«, = £ C , Hy- E 0 

= Js=nxH«= 4xf-a^; = -^£o 

=»Xc = J a =:0 > J* = -Eo/^ 

From Phob. I2 &- 

L 6 - E 0 -ab[(bs6siw^.?^I .s^2 j ( r^%sinesi^^=#o ) se 

LjEf - E 0 ab rcos^f -Si^r . sin ? J 

Ne = jj r ifowc^ + ^c«e sine 

= + S^±rsirw.«2l.S|*] 

iv =K r-XW + X W 1 ^, Jy= 0 

Ee ^ - i L * *1 N »1 = - i 2 nJ • J 


4nr 

rlfcr 


4tt r ^ 

sirjX 


] 


Ee ~ J '^T fU -f«,'] = -j'!«^- r [-C0S8®n»(^ 

Hr — 0 " 

H& i: -Eor/^ 

Hpr - Ee /^ 

b. E & = d*E 0) y 5 = -»iXE a = d«Eo^Mx^My= 0 J E 0 

H"om Problem 1 - 2-9 

U * -E.abrsiw.'S^*- %ij (Glrt; „ ueJ) 
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12-12 C&Yit’J) Lyr =0 

2= i a o>s 6 

^=[fCj*a»sec^^ s e^^ 

— ~ -jp- a b [Cos6 ccs^ . J 

1% =ft r-Rsin^S ^e^^+^dW*' 

Sa 


E r — o 

E ® " ' j ^F r r 4 °+^J= ^*] 

E^5 ^ j fe§j£l[ [ 6 - ^Nfr] = j >ab Eg €’> k r \-$ n t + s’mg)-^ • ^ 1 

>ltt r u * -• 

Hr~0 ; He ^-E^ } 

C. U'Sciaj (\ comparison between +t»efie|cis of Probl2.8 and |2.l ZC<x), 
We Can umte by r^ferHn^ +o the fields of problem iZ-IO+boi- 


Er^> , -;ler 
> ab-^Eo f?- 1 


Ee =j 


8r 


(^Ccos^t-sine) 


cos x 

(.\)*~(*/*r 


SJ F-] 


^ r-SM-Anr^g^,] 

T= ^snes'mp, 2 - ^ Co£0 , Hr — o , He --E^/^ , * 6»/j 


ol. Usm<j a Cowi|Jarison betueen-tbefi'elols 6f Prob 12-9 and |2/-2.dbj 
U)e axm doi-ite by nsfemmj -hi -the fields of Rublev* l2.|| +bat 

Er-0 

He - J ' fr Q k E ° e ~^ r cose cos# St yx • ^ oS * — 1 
E 0 ii i ^u.bEo£^ r (s\ne +s'iY)0).sin_x , cost -i 

8r x (*r-fiyy»J 

x = ^jr s'ine • cosff , 2 = ^ CtosG 


Hit — O , 

He ~ - Epr/^ 

H# - Ee/^ 
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12-13 §<v = oijj Eo CosC^^O Ms = -MX E a = dx Eo CbsCjxO 
Thus M* = EoC°s(%x'), Mjr=M^=0 

l s = [ Ul r‘ Vi M<M6^ e i ,!ft ' s '” eccs i !,+ r s!n6S ' iniz ^M^ 

J L; *L CiU 


- b/i -tyx 


Since /' a/ a- 


= e,w^ f^sfixo ei fesi,,#<is,z jx- r t/ * e i*s /s "' 6s ' i "%' 

-<Vi 

/\ cVi x 

f J«<ix')e i ^ awc “V-- (f) 

b sml , x= Y , $*«««*( 

^b/2 T 


then 


» L* = -i«k & [ CMM ^^Si2L ..sinX;; 

* ^OO 4 -^ 4, Y J 

Similarly 

L„ =[ b ^ f 

= -ts',»rr^%. s( fxoe'' lu/si " #osf 'jxf b, * e i |< 'J /a, ' esi ’’ e '%' 

3 _<vi. J - b A 

I _ + irat - r sln M _ cosx . sfrY j 
Ljz -+ — E -> L 1 T 

Ha * - a, Ts = fl X = & X C-& f J = ^ f 

Jx = J*~ 0 , ^ Cos(^a ;0 

N* "j, 

X J-V/2- 

= + r C 0 S 6 s'mjzS . P°s _ * ^ 2 X 1 

L CX)~C ir A) i ' Y J 

N, = ( * f as* eitowr™ +*'*»•*•« i-V 
-ty* l-a/i 3 


- 4. TTahEp CosX SinY 1 

^ L (X) 1 -^) 1 ' Y - 1 


(Continued 3 
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1243 CCbnt’d) Using CU-IOtx) -Cl 2-iof ), we can write tViat 






; r r-i^ [u+ ,N 6 ]=-i^Wo +n ^§ifj 

kr 


4^ rU-fN»J=i fosuo+asft) gfjC,.3^Xj 

Hr-o, He-~ - E ^/f , H/ - E e/^ 

12-14 . Q= 4X, b~3\ 

Q. From Appends X 

^ Sines ^ 77 4 6s = -S»»T r^2 ; J = sin" 1 [ = 54.785° 


^ - - ... — - -feb 

= z6 s = 1 C54-785) = 109.57° 


b. Fovn Appendix X , at ^ Sinfis = 77 4 E e -0.1^33 

or E e = -l7.S3d8 

C. 6 h (£ -plane) = 1/4.6 Sin'f I6.?8‘ ; =i?| =22.§|dB 


®h(H-pkw»e)~ 114.6 sin (0^ 443 ^ 


p 

= 12.72° 


l6.T8G2.7j-) 


From Table |2.1 f Do = 10-2 (£§) = 10.2(3X4) = 122.4 = 20-88dB 

12 ' 15 - U^m-^),O«=fab = 4n (5 r=IIS..^0.5 i aB 

Using the Computer program at the end of Chapter 2 
J Do — 119.46 = 20.77dB 


12-16. a=b=3X 

Using 02-37), Dc= *r ak = 4TT(3) 1 - = 113.1 =2o.53dl3 


Using -the Computer program at the end of Chapter. 2 . . 


12-17. 

a. 

b. 


a- 

b. 


Do = 113.38 =20.77dB 

Using the computer program at the end of chapter 2. 

a- 3 X,b=*x ; Do = 62.437 = i 7 ? 5 dB 
a=b= 37 c; Do = 93 . 174 - 19.69 dB 

Uslvuj J<x.b\e 12.1 

a^x^b^zX ; D o = 0 - 8 l C 4 TT)t 3 )(z)= 61.07 = l‘ 7 . 85 dB 
a=-b = 3X ; Do - 0.81 (4K)C3X3) = 91.61 -I7.fia.d6 
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Iz/I8 Using the computer program at the end of chapter 2 . 

ft=5A,b=2.A; Do = 63.961 — ifi. 06 de> 
b. a=b=3A ) Do — 94 306 — i9.'7Sd!3 

12-19 a=3A,b=2A 


a. ®h CE-plav>e)~ 50.6/a. = 28.30° 

b. ®h CH- plane) = 68.8/3 - 22.93° 

C. ®n CE-plav>e)^ ,| 4 . 6/z _ 573o . 

«• ®n (H-plane) = 171.9/3 =57 30° 

S. Eg (E -plane) = -l3.i^dB 

f ■ Eft CH- plane) = -23dl3 

Using the data from Figure (2.|3 and 1 2. 1 4 
Q (0)h (^ -plane) = 25-6° 
i>. (B>h (H -plane) = 2 |° 

®h (E -plane) = 60.0° 
d. ©n (H -plane) =60." 
e- Es (E- plane)- -13.26 dB 
■f Efg (H-plane) = -26 dB 

12 "20 From Figure 12-15, for a ?0 X efficiency 
M - ^sin&t ~ 3.|8 = ^sinGi 
Far 01-37/2=185° 


a =b= 2C3-IB) = 319 A 

fc Sine 18.5*) 


12-21 Ea = a, EoCoSCl-*'), Y Co&($x') 

Wave = i&e(£*H*) = & JjyWGF*') 

p^CC 

R-ftd = lEol^bry./^ ja. ,9-,«f2ir T /)] Q/< - ablEol"- 


From Table 12.1 , at 6= 0* 


I 'Will IWI/IC | 'AW w V o 

Cftl -'2. ab-flEo e" J k r r .> ^ r I - '2abkEoe } _ ,aahe J * h 

6lm<vx “)ir Jifr ^Lcu J^r" ilrr C0S $ ~J rrAr — 


Cos0 


lElnuw^yiEelV + l^l^ =* l&l£($k)V Uma^lEl^ 

K _ 4IT Unoof _ 4Trr2(ab) i |Eo| a -j/((TrA)^J A r- i / ait % 

P ° "P^l ablE.|*/4* =FL ab( 7?)J 


- A\ 8 




8 


A - ^ A 



12-22, Do - Tf Ae« - ^ £a f Ap = £ op ^ftb) 

^ • Triangular : - 75 y, = 3/4 

Do= 4-(r) = 1-1781 - 0.7M8 dB 
Do = I -ITS I = 0.7118 4B 

b. Cosine Square ; 6qp = 66.S7% = a /3 
Po “ £ap4£ = = 1.0472 = 0.2e(B 

Do =• 1.0472 = 0.2dB 

12-23 Do = 23dB = |0 2 ' 3 = I 99.526 

e* = e C d er - 0.9 cd - 0.9 

GVo= B*Do = 0.9 CI99 52£) = m. S736 = 22. 54dB 
Aew = 6t Do = <5o 

Ae*n 073-5736)= 779.5736 = 128.61 o. A 

A * ^ = o°3»*3o» 


12-24. 


Cup = *£?L - Hg. g \ _ 0.643, a 6 4 .31 /„ 
A P 200 


A= 3xio cm/s = 3 Cyn , 

ioxToThT? 

a = 0.9"=2.i86 c-*. = 0.762A 
b - 0.4" = l. 016 C'w = 0.33? A. 


fVa4=l 


f=lOC T ht 


Pocoer density for isotropic source; 

W 0 - ^ ■ = 1 Watt - 7 . 9 6 x, 6' 0 w/m* 

AfTR- 1 4TTCIOX(0 3 J 2 
Directioity -f r ow "Table 12.1,12.2. 

^ = ^ C 15 = ¥ C0 - 762X °- 3 ^ } = 2 63 



Incident Power density 

Wi ~ Wo Do = (7-76 x lo _,0 W/w a )(2.63) ^ Wi = 2.o9x 


lo 9 w/* 


X 


b. The toooarviuHi power that can be delivered to a matched Qo*d- 


Aem ^ £ap Ap ^ 0.8| ab = | 88 X(o ^ wi* 2 * 

Pmoo. — Wi Aem = C2-09 x |0 ' ? W/*t\)0&6 x = 3.?4xio ,3 n/ 

Pww = 3.94 X id 13 W 
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Aem =■ 0.81 -( 0.02286 Xo.oio6) = 0.81 (2-32*57 X\S+) 
= l . <S 8 X 10 ~+ rn 1 

Tine maximum power -that - can be delivered to 
Matched Heoui 

Pmax = Wi 'Aem = C 10 M Watfs/w*-) • C I 88* to" 4 * *-) 

- I. §8 X |0~ 8 watts .= O.OISfiyuWa tts . 
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12-27 


a. E 


j Ojj -2Eo ( a x,+ l), ~ 2 0 

] a&£-£x'*l), OS*'«i 


E a = { , 
U 



Ms = -2n X E a ^ xaj 6^ = a* 2 E^ 

= = It = ° 

Mx = f2E 6 (Ax^l). -£^*%0 

Ue.c-^+i), 0<x'4| 

Usi^ cu-i2«.)-(u-ud; 

Ns -Mj8 t^asf. 

U = f[rMxCeS6CtS)2+jMf ^esin^^isi'ieje ds' 

s rb( r°, 2 . ;k*'smac*s*. , 

L e = 2 E 0 c <£6 CbSjtf j ( (oT JC ' +1 ) e d 

+ | a/l (_ * x / + 1) e**'®" 8 **% ' 

rb.^^ne^, .* -j g&nosuwr ^ sin ( <£ slue sing ; 

L e jksinfl-sm/ ^sine^Yi^ 

j*x's'tne<M^ 


\ (a** 4-)^ d* - L la* .AsiWflCdS# 


>a "‘ a a — cospr 

du- 4 rjx / *0 ” — 


0 

a j A Sin© cos of ^ 
** J ^ J 


Similarly 


a ri - e -i¥^ c ^J 


nfiC6S(2r ffeslyi© cos*; 




n-^l)e ite '*"‘“V«l — + 2 V 

j 0 ^ a* a ' c 1 jfcsinflCfcs# a CfcSinfl cds;?) a J 

Cbmbiwina terms, ^e an write 

, ^ an-cosC^&necayjQJ 

Lg - 2.Eo CoS6 CoS# { b e Nf T ^ c-k^infl Cos0) x 

= 8 E„ <l)G>»CMf*-e iT S $1 a sin*C^sirie«sg) 

J l (^SiYlGCoStf;*- 

L s = abEo cose Cos? e^sjgl. s&irtfoMflO&sgj fek s ' iyie<s - (M « 

^ (^8iT»flOS0)‘ ^ 

Similar^ 

L^ « |J [-M^inj2 Wj ei^'^ols' 


Sc 


{^Continued ) 


239 



. sinY . 

• ''f' /• IrtA t “3 


12-27 Cfont'd; 

L/» = - ab E “ s "' v ^ (^sin«-as/»J l 
Tbe electric field Components are obtained usin^ C U-I0a) -Cl2-I0c) 
Thus Er— 0 . 

r- _ ^T-^ab&eJ^^jrsimr sine asp ) 

E « a-»nNSJ--j -^r SMI,e ~r- 

E„ = j <ee>i r r L» - 1 ri ] = i abE - ei OS6 C°s? e J f S!5l • syflgsiinftair ) 

J 41Tf L 0 IWJ j aAr y ( #a s f„ e . cos0r 

ActordtiviQ C 12- I 3a) 

J 1 1- i 1 Lai , ^ ^ X fsin y sinY sine cos#) t \ 

“^L y -*J 

aa-«L= ^ <e = 0) = J T^ 
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12-27 CCont'd) 

Usine -Hie identity 

(e*% 5 = -£S 


•l _<*x 


f 


sinCiSsinecoSp) 


Thus 


r* a + 

ttJe can write that 

^.•fR/aivifiCfts a i y/1 J z /- a tt * 

0 * ^ Tr J --C^s in gco^( 2 r; i ' s-(»)6 C0S(2f 

*-**»••«* 

U = abE e O»S6Cb5^ 1 ^y i .Si^. y= l^sn6CW|*, Y^SWBSinp 

In a similar manner 

j , f-Mx^® ifcr#0BSt ^ / 

, _Sa . ^ it a- . s.nX SiDt 

-abE 0 Smf» ^pq-^ • y 

Thus 

E 0 = j im* T Le -’56] = j ^ E ^ iltr 0xse «S0 - Tr " sno ■ Sinr 

4nr a->r r TT^-OO 1 X Y 

K ce,0) - (<ah) i '|E^|~ L + cos^ ] • t StviX Smt 

§Y[ 7 ^- TT^-CX) X Y 

X = ^ Sine Ct,sjH , Y = ' sine »»/* 

linux(e=o)= Cabn^l"- 

pj= | v w -di . 'If W C? s ^' ;d ’' 

Since [ * Co$ 4 (^ / )Jx / - ^ 

<Vi 


. >ab^oe )fer 


2Ar 


SiY)(S 


TT * Sin X vS<Y> Y 

TT^(X)*‘ x Y 


p . ^ A qpi c » i nv% j 

r It,, 11 • 4 irr^%liJ 8W ab 

D 0 - 4irUm<u [ sn a*- 3 = -5- >> 

PracJI A QblEol*- 

^ S = = jr 1^0 = 7? 1 p. = 2^ -^1^- = = 66. 67 X 

ft P A P ab 4Trab 4TTab 3 

C\s Compared to 81 % -for the Cosine distribution . 

(.Conti nued^) 
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12-2KG>M) 

q E & = a r £o Ccs(£ X ') Co s(£$')= a^, Eg.- 5, as (£*') G>s(fo') 
No r Ngr = 6 


\s( 


Le =• 2 EoCoS6&^^ i cbs(^ / je ) ^ (Sir,ece ' s V 

-G/x. 

= 2E fc CoSfl C<^Tj' l/A Cos(!!l / J e J ky/ ' 5 ' n6Sin ' 0 cl^ / 1 

-(f) .^(^we-c^) LzEo&saf^.g.b.y-^jL , Co$Y 

( xsinoros^r) 2 -- J )<*■-<£)*■ y-Wf;*. 

X=f sine Y= §?sirws<n/ . 

In similar procedure 


TKe fields are 

e«* -i ke ' , ‘'' 


A.r iW^ 

* - J ^ ‘ i^f " 56 

Uwwr occurs at 6=0°. i 

2- • *• f 

^ - t 1 tUs a - ^ - ^ fff ^ 

/ — Ag wi ft P) -N i- — _ ■ b 

6a f~ AT = ^° = AlDo=_Z±. 64 .at) ®* 64 

' b 4irab 4irab ir* "TSr- 417 “ tt« 

£ap=-^ = 0 . €S7 — 6$7% 

d . e r = <£, Eo cos z (£x') cbsY-f y)=a^ , e^e b Q>s*’(^')Co^Cf3 / J 

Llsin^ the coordinate System Fi^. 12- 15 (h) arid -He same. procedure. 
cs in j>arir(b) > 0)e have tbc«{ ^ N^-N^y^C) 

L^ZE.cctfiic^j'^V^^^ 

(Continued ) 



12-27' fttKt’J) U - ^E.o>s»»sj»- 5 ii r -jq^p -^4 ^X- 

l# = f &si ^TF^ -l^??-Tr r ' S T r , X=£a»«<w<* 

Th ^ . ake.e>*''« 5 "i £i_ . Si*X smY Y= 

E &-j 4xr sm ^ir-(x) i Tr^fr) 1 x Y • 

r- _ ab^ei** r . . r . W* v* s'mX SmY 

Efif ~ J 4>T Q>sft ' CoS ^ TMxF tt*-C Y>* ’ Y 

hm ,v\ _ rtiW-MFJ *-_ . , , TT ■*- TT *■ s'mX SmY 

~ 3 ^ - / CSI^-t-CcS 9ftS>] pq^YTT-LCf^' ~ ~ 

Uwfty occurs <4- 0~o° (iwico<(6 = 0 *)= lE^iy (3i^ *» 

Btxd = c °s 4 ( 5*9 d *' [ b/ " c °S 4 rf 3 ')ty 7 , (+f° /l cosV£*')clx'= 

Prad ' Qb ‘j 6 1 " Thu<? D = AirU *»°* - 4Jr [ i-t . cb | Eo| »■ 

? 1 ,IUi> ^ fr-j ~ L 3*q>*~ J/\M — J ?a>. 

6 ap = ^2 l» H_!>1 = iln = X |6TTab _ 4 _ , , , , ./ 

Ap ab 4fab W% 4^ ~Ta^~ "7" 44 44 /. 

12-28 a= 0.<?" = .2.286 Owi = 0.763 

b = 0-4" = 1-02 Cw = 0.340/V. 

0-. Us'w^the Computer program at -the end of Chapter 2 
Q>= 4.264 ~ 6.2?8 cJB 
b. From Table -12-1 

P 6 s. 0.81 C4ir fo.7637 Co. 34o) H =2-64 =4- 2l'7dB 

12-29- Q-0.42 r ' 1-067 Gin = 0.711 A 

b=0. 17"= 0. 432 Cm - 0- 288 A 

o. • lisin^. Ybe Computer program at idle end oj^ cbap+er2. 

D« = 3781 = 5.Wdl? 

b. From Table I- 2 1 

U,= o.8i r4n Co- 7«; Co- 288 )] =2- 084 = 3.18'? 48 
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12-30. a= 0.9 ^ - 2. 286' Cw - 0.7 620 A 

b =0.4" = 1-0(6 C-W) = 0.33g7A 
i = 0.85 A 


R 0 = ~30dB * 31-6228 

f = |0 GrHi * A^BOXloVdOXlof) 

Dt- = A? Da 

De= 0.81 r 4TT ] = 0-81 m ^• f 7620A)(°.3387 A ) - z627fl ■ 4 ,| ?47c | 6 

A 4 A 3 ' 

D* = 

l+cftf-Dfxfcr 

f = 1 + 0-636 ) 4- cosh [/(Cash' 1 Ro) 4 -TT i 1 } 

= l + 0.636)^ 8 Cod[^U468J x -TT‘ 1 f = M440 

C^h'‘Ro = cosh' 1 031.622& ) = 4* C 3I.6«8 ± V 3 

=: 1*06 3-2277) = 4-. (468 


L =■ 3C0-85A) =■ 2.55 A 

- -^31.62*8)'*' _ 2C 1 >ooo) 

l-K(3l.6228) 1 -l](M44) ( yg^^ 1 + 336-1346 

= 5-7323 = 77322dB 

D+= - 2.6*70 (5-7323)- 15.5843 ~ 

12 31. Dt ~ Dw (Waveguide! Da.torro.^1 


From Table 12. 1 

D» = 

A = jOilO.’ = 3«= |.l8l|"^tt=n|r r ^-Mi20A. 
10X 107 



A= 0.3387 A 


Dw = 0-8I fall Mii0AC0 1 3387A)] =0 e | C3 . i4i? )-^. 6i68 = 44742^6 
L A x 

D* = TT C 0 S 60 Ojr D 3 1 0 D* O From ( 6 - 1 00 ) ) 

Dx-Oj ~2 N( 4) = 2C8)(°*^) = l3-6 (<■ From Tabled?) 


= TT Q a D j - TT (13.6)03-6) = 581-069 =581-07 =27. 642dB 


* p w 2-6268(581.067) = 1,&2£.35 = 3l-84dB 
= 4 -l 74 iCdB) + 27 . 642 Cde ) = 31-836 dB 
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1 2-3 2 The results Can be obtained b y using a Co no pa rat "u/e analogy between 
thefiekfeof a rectangular aperture when no-t maunted and mounted 
on an Infinite ground plane. These are listed In Table 12. 1. 

Therefore We can corite that the fields of the Circular aperature of 
Section 12.6.1 , cohen it is not mounted on an infinite ground plane, 

are Cby using (l2-53a) -0£-53 c )3 


12-33. 


Er 2:0 


-'.hr 


E 6 ^ ] ****&> ^ 1 (i+cose)sin 0 • 
a r 1 


J x cfcasine ) 
fea. s'me 


^ifer r 


E#- j ha A Eo ^ J CitcoS6)Cos^ . JithasTne ) 

-* w fcas-me 


2 r 


Hr ±0 


) 

1 


He ” 


Hj* — E&/^ 

= Ji 1 7 ) Sm#' 

= E=„ J.'M £' ) Com', 

E e »0 


ft. Using cvn-7b) 

E* = E e CoS^'- E^sinjz '=% jp J, (tf! £ ) siru* J,'#^ £ ) si rud ' j 
Eg =E e smfj / - t . E 0 cosef / =E o {^J l (^^)SinV+T. / w;|: / )C(j5 A (2i / f 


4 =if Jf Mj 

Sft S« 

L* = \\ Mr e^ r CoS ^ds / =r ff e jl ^ c ° s< ^f 'df'dip' 

Sa H 

N= -2nxE a =-2d i! x(dxE x + <J J E a ) = -^2Ex + a a ^E^ 

Mjl = 2E^ , = -2 Ex 

1=0 =$> Tx = I 3 . = 


Therefore 


L^'-Ecf^ f o {»J(^ Seising- 


= -E 


j> It') l [;We> - *^ VI 


( Continued ) 
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12 _ 33 CCont 4) HouJeuer 


j t^'sind CASOz'-ef ) + *&) 


cJ0' 


- p'g) C^SWftttSCp'-ff) -30 ') J 0 ' J. 

Letting f5'-0=^ ^ dg'^dji , Coe Cm to rile 

L - Jj J e'^p gjt+f _ ^i“p e'"^" 40 ^ J 

with Hie aid oj ( V- 3 $), ft reduces to 

Io = ij Ve^air J»Cfcpsme) + air- K' SinG) ^ 

Using CV-10) uoecfcm write it as 
Io 35 ( ‘‘’sirup e > ty'^Vdp'- -Jtrsiw^ -J^ty's'ina ) , Thus 
=• E c - 2 ir Sivup £ a pJ i (*ps,ne) [<v 3 , 0 *m lc )-h' ( ) e * d ?' 

Using CV- 1 *?), it reduces *0 

1 ^ i 3 tt 'Xu siwag p r a g/ T /ys.n6l Jai** £) df' 

Since r 3 .T p («*)Tp(y<)dx= **JpC«*)fr.fr«J Jp-^XpCroc) 

of 1 - ri 

then * ^ 

. _p 3TT-yirS\n30 r ^J^fras.ne) JiCjfrO -feasme J,Cteasi«e) T 

* ° a ^ C fesmef-^/a) 1 ' 

Because J/ljfu)— ) - jf' J iOCm) ^.0 ^ Ji£%f ) = Jj_C ^if.) 

= -.m-E»-sUo0 f Qfn J A J^Ck^Stw 9) - fc&siwe Ii C feasinfl) V 

*" | - Ckasi«B/jf,O i 

(Jsmq (X. simitar procedure, it can be Sbocon that - 

Ljl = M x ei*P ,c# *^df'd0 / =-aE,£ S o {pJ.WlcV»V+3itW^;<teV^^ < l^'4^ 

Sc*. ^ 

= -AtTU I,(Xrf)E . [ S«n>J,(<?QS.n6j[»QSir|6-^ l 4 :i ~ Co ^ W* X^a^ms) > 

[ 1- r*QSin8/x,i ) i ] 

Le = Lx C 6 S 0 OoS>? + Ct&bs\Y\fi t L# = -LxSmp-t- L^CoS? 

U= -W«T 1 W)E.<*K>>V 

Thus Using, (ia-ifla)-f|3H0f) H r ^0 

~°fj n c T,/vj')f»i^ r . IlC^aSine) ~ V T 

Eft a j > E >j’^J e SW Hja & Z6/X 


F* ^ ; texEoJ t (x>f) ei kr ^ Ji'cAasind) 

^ -> r -^e^rr-c^sfei)^ 


(Continued ) 
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12-33 C Cont’d ) 

b. The results can be obtained by using a cbtoparattue analogy between 
the fields radiated by a rectangular aperture uihen not: mounted and wouvi led 
on an infinite ground plane. These are listed in Table 1 2.1 . Also Compare 
Problem 12- 32.. 

Therefore we can write that the. fields of the circular aperture of Section 
12-6.2, when it is not mounted on an infinite ground plane, are 
Cby using the results of part a) 


t; »r)eiv ffiS , )S „ 0 

E* ^ j toEo JiCXiQe^ V It cose) Q>s# basin e) 

2r n 


Hr — 0 
He * - E *^ 


12-34 . E e = x- Sin0 C l+Cose) .5^2 


= ^- Cosjz' c i + cose) . 

1- 

?=: basinfi , ^u = X’84-1 , j/c?-) = JoC?)~ Ji^/Z 


ie -^(itcose) t% ^Ci+cose)] 


i* = 

- i -t cose [ a 6 sin# t dis cos# 1 

E r =(d© Sm# 4- Of CoS# sin# ) 

4 = = (& si „„ t A a ^ ; 

V Sin 4 # 4- cos*# 

Q r - de sin# -t Qp Co$6 
V Sin*# +COS a e CbSf^ 


PLF «■ | (fit • drl 


Sint0 + CoS0 Cos*# 


7 Sim 4 # TCoS^ Co 


2. x 
_ f sin - ^ + cose Cos*# ) 

sin*# + co$*e a*y 



12-35. Us'mcj the Computer program at the end of Chapter 2 .. 

(X. (X- 0-5A ^ Do= 11-24 = (0. 5ldB 

b. a = |.5A=i> 0* =?2-7o4 = !767d6 

c. a=3-0A=» Do =357.278 =25.$3dB 
Usmj TbJJe / -l- 2. 

a. a- fl-5 A #0 o =(aira/A) i =[2U0 5)] 2: =^?6 = 9?43dB 

b. Q = I -5 A 4 Do= Utto/a)^ r^O 5)1^88.826- 17435 dB 
c a =3.0 A ^ Do = (2^o/A) i= Dtf (3)1*= 355.306 - 25 .506 d& 

The^ Compare c|uite u)ell except for a- 0 . 5 A 

12-36 Ust"3 the 

a. a=tb^4 D 0 = U-264 = 10. 5 n dB 

b. (\=|.$A^ Do=?3.l < ?7 = l76<?4dB 

c. a = 3 OA 4> Do =350.815 = 25*5-24 dB 

12-37. With <yound plane 

USIwcj the Computer program at the end o[ Chapter 2 . 

a. a-0.5A =* Do= 71*22 = 7166 dB 

b. a=i-5A^ Do = 7516 1 =i8.‘T5?d8 

C. a = J0X ^ Do = 2 VS. 0 f 6 = : 24 .G??dB 

Usincj Table 12.2 

Q. Q-0.5A ^Do=0.836C2na/A)=0.836C?86 , }6) = 8.25l = 7l65dg 
b. a=l!rA=> Do- 0836C^ira/A) -0.836(68-826)= W.A5f=(8.7o?ciB 

C. a=30A^ Do= °-836Un-a/A > = 0.836(355.306) = 2f 7. 036- 2^.728 dg 

Without ground plane 

Usinj the Computer program at the end of Chapter^ . 

Q . a = 0.5 A Do = & 8 244 = ?• US'JdB 
b. a=|.5A 4 D 0 = 75.^458 = l* 805 dB 
C. a = 3.0 A ^ Do= 2?6.<?57 -2v.72 7 dB 


Computer proyam ot the end of Chapter 2 . 
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HPBW at 23. 8* 

FMBW i.4? 0 
FN8W ^68° 
FSLMM * -IldB 
FSLMM ^ -ig.5dB 


12“38. From Table ( 2.2 From Figs. l21 ^ & ,2 " 20 

a. HPBW tE-plane) = ^- 2 /i 5= tWT° HPBW & ao* 

b. HPBW CH-pkwe)» 370/1. 5 = 24.67° 

c. FNBW(E-p|a»e)= £'?■'?/ 1 -5 =46-6° 

d. FNBW CH-play&) = T 8 .o /|.5 =65-33° 
e- FSLMM(E-plaWe)= -17 6 dB 

f- FSLMnCH-p|a« e )= -^ 6.2 48 
12-39 . a. §«, = a«j Eo C 1 -Ceva) A J t> M s = -i« x e* = a x 2 .E 0 [ 1 - ce'/a.)*.] 

U ~ (M* 0)S6 cos^ t pt^°Cos6 sinpf - ttf? s‘m6) ej kr/Cos ^ 

*S 

= 2 E e Cose cosps £%'[|- (e'/a) A J . ^ e ] y' s]r,G ' c °w / cJl 0 / Y 
Using CV-35) it reduces, after Separating intro two integral^ to 
U - 4tE 0 Cos6Cos^('C^ a (>'J 0 Ct?p / siine)d^ / - 

Making a change of variable of the form 

Xs-kjl'siiie dx = k • sine dp' 

We can write it as . , 

1 i-r a 1 l fkasme 

U » 4F^cosecb^[j o f / J- 6 c^ne)de / -^c^ey4 J isj^dxJ 

Using Cv- 22 ) and CV- 24 ) It reduces to 


L& = 8troP-£> [cosp cose J^fea^we) ] 

Cfcastne) 

In a. similar manner, it can be shown that 


L* = (f r-MxSlnpf + MgCoS0d -§ira l E 0 [sivi^r J 

Since cue ctxv\ urite -the nadiateol fields , usin^ 


as 


E* ~ ja-ka i E e .§iA r [ CftS e caspt X-Ckasine) "1 

fio a r! vtA\i -3 


Hr ~o 
Hft ^ - Wy 
Hp 2r Ee/^ 


(fnasine) 


(^Continued ) 
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12 - 39 . CCmt’J) 

b. Follousw<j a similar procedure, it- be shown that when 

^[i-ce'/a^r 

-the radiated field are atuey) by 


Ee Ij 16 fea l E 0 -^ Cfca *" e) ] 

tteaslne) 3 

Efif — j (6 tose Cose? Xsc-kas'we) 

Oa$ln 6 )S 

Hr — 6 , Ke^-^ , Ee/>L 

12-40 Ea= 0 Lj ECi-e'/c) * Ms = 2 >° •■* fo.Np-o 

Ls = ft Mx «S 6 C^ e J l "" AS *&'■ « 2 & a»o*<r£yc,- 

Usinj fjt« 2 - 48 ) 

Le = 4 ir E„<isG cos/ L [ A p'Lf W'sintldf'- ^ 

L 6 « 4n5,(M8C4S|»[i^ |'V 1 J»Wt' s '"i»>‘*f'J 

x * -e'= -fkr -* 4 '= *w dx 

L 6 = 4 TE.<kse«^f{ - a -k 4 ? e J 0 tas '"x*j;oo*r } 

USl "J V "' S0 ' :, '~ 2 7 *•*» , ,k»i «8 

U = pastas* (^Jiksine)-^!^ 

4 irEo 6i0 o»ser f ^_ 

' (tewe 


tasifld 


®rtL x:r ' Cx>d M 

v ^ J I . . 


r / a / , ° P 1 r ta 5 i* 6 /-fcaS’md " 1 ? 

-4i6S»«5»f rj^-jMne)- j^^ml) + |_-ftiirti.- x *wl *[ I.Cx)d«)| 


f Is 

Lo = al.<moV J p-jpj-Jtkwitf) + f jMjit) 


VaS'lYie 


JoC^dx -» This cannot be evaluated in closed fom. 

Ljr also has sav^e. except for front term. 

Jios\y\ B v 

lft s xoodx J 
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12-41 &x=-4lt75T,i7 = - < VC-f ,«kereC« 


6£n(b/a)e' t - r » et/Cbta) 

Ms = - 2 WX E U = -2.0? *(-0 f ) = 0.fi 2 ^ = p- 

TbuS Us'iWj ((2-42C) 

Le = ^ [^^cosg cosc^-peo + MjBCosesinc0-p»o-i)^ Sii6je’^ r 5< ^d.s / 
— -2 C Case pVi«V-jy0^ } ^ ,SiW6C:WV ” POo,?f '^ c *? / 


Because of agimutbal Symmetry , the field is not a function of p5 
choosing p>~o 

U = sc-cae^ [- ^We*'*"*" 5 * V]d t '= JC- ass C M df'« 
C* - [[ [-{df “sl»(p-jrO t M,»sg>-)!';] ei krir>,s 't’ds / 

~ sc £ [ CWe^" 6 ^*']^' 

= 2C C Cf C 0 S( 2 ' e> ^' Sine CaS * ^ ' i- ffw ei ^ S,v,e CoS 0 ^'^e / 

0 <jtet js"= {Z-ir ^d0*=d0')> 


by usirKj CV-36) and CV- 10 ). COM the a'<d of CV-23) 

Lp =-4c[ ( J o Oibs»ii»MoC*afi»i0) ) ] 

If haoeuer the Slot is dery thin, L* can be approximated 

L* - 4C ^ 5 J,(j«f , s!ne)df / ^4C J| (ta'sine) jjdp'= 4C cb -a.) Ji Cfa'sit>0) 
to here a/= (“±!?) 

Usta<j Cl2-|ooO ~Cl 2 -iof ), cue Car) write +be radiated fields as 


E r =0 


Ee ■ - ife^TtU + #] ^ c 

Juki's* e) 

Es.^i^ru-?N„]=0 


Hr — 0 , H« - ~ , Hp= Ee/^ 
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12-42 Ustng. Figure p .21 

u= Kane* = ^as\« 0 » = 3.3 =* = l 05X 

12-43 u- tone,. - siw &o # ) ® 4. *78 4. 3 

Usirxj. pjure 12 -z\ =$ 3eaw effici«»>oj -^7^8% 

12*44 a. Square aperture 6ce = 0ch. Therefore -H?e optimum diroeuion 


b. 



IS 


C, The directivity atrfi = 6o° is -3.fai.dS -fnim the MurinmM cd S s ti 


12-45 


a. 

b. 


a = 


A 


3.4l3-«s‘m6 c 3413 S'inGSo 0 ) 


= o,3i8 A 


PC 8 = 6c) 


Dc,= J_686« , 1 086Ir ^4, 5S = 6-S8d8 

S'or* flc -s\n i f6o°) 

P ( « =< >iU = « TO >* 

PC D - 6o°) ~ (Sira)" ( f_co_5st?) ^{ 2 *<xf Co. 4004) 
*■ 16372 ] 


P(&=0) 


- 0, 4004 - -3. ‘t'JSAQ 

&c-6o» 


12“4G, a. a = 5 - 73 l 8 '-Sin(eJ 1 = . 2-3658 '°42268A 


pce--6o‘) 

PC6= 0°) 


D “ = S' - H%r * »• 2? « ■ 7 - a3sdB 

P(S)= 0.75 piTa) A . \ QT-j-C fcasmfl H 

l CfcaSinei* 1 • 

p(0-o)= a?5 C2¥0 l) A | 8- Ti w/x*- )|^.= 0.75fcwa>* 1 

pCG -6o°)= 0-^VaTO^. { » ^*a4^68A-sW n* 

^ r 31. a422£8A.SiMio°] 4 1 

= o.7SUira)*. (e . iC2-3)/ca.»‘} 1 = o.7S(^rc,) x . (0.37/82) 
= 0.3?/g2 = ~ 4.067134 dB 
8 c=6> 4 
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A 


A 


1 2 47 <X. a- 3 063 | 7 . singe ” 3 . 063 i 7 C 0 - 86so) ~° 376?6A 

b To find. t^e ynaxlwani toe vieecj fco dra/e the far-fi^ld for 

(X circular aperture. coit'W a pa/raboUc. iapeir on - 10 dS ped^str*4. 

Le- 4 ns.aac .91 [ f o tt e'Xc*t's.ne>ap' - a^T-f. <* W* w)d «'] 

a cWv^ "aanoWe. of *he £rh» X »*<'*«» 0 * ** m *****<' 

Ule can torite- it ^.S ■ * . A a .-/'leasing 1 l 

L Jftsm 1- _ -± — ri X^JoC/Mx [ 

L§ = AirEo&S© i X '-Jo J 

T a*JOO a*" TOO , • 2 ^ T^QO 1 

= 4 U 5 >CcS 0 O^ [ )<■ * "( 1 . 20 ?-))* X (|- 20 ??)* i 

(* fxToCxM^Xj ( 00tc,fX^Cx)4/=X^Cx)-^ Ja ^ ^ 

AssWiliah procedure . ^ J^-Cx) "1 

= -4itE 0 S'w^-a^l- C |.2o?^) X ^dio^) 1 X"- J • 

. E 0 = -j^r L/ = j [o.3»6647 tt + '■ 5667 ] 

Ffj -~ j E C.S6 0>SJ^ ^0.31664-7 l-3fi67 ^ y c ], 

Ifodicied Power reduces to , . 

Umax = 'If- ^(f)‘[wW Ij 7 it,Jfl ’ ¥]‘ 

= '!^ [(» -^Wf] P 


I X“o 


J.Cx)| 
x ly* 

lv-~ ® 


x iy*o 
J^cx; | 


*■ IV=o ° 

D* = 5iZ)^= 4TT- ^~(x) • (<U0SM6T).q* . 

Prad air 1 ^. o.J 3 (,iS- a* 

M "W«i-£«"rt. ( C .rti.U««0 
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12 - 47.CCovird) For a Circular aperture co'i+F pambolic taper cal+U -lodl3 
pedestrJ, He norma/ijed power pattern multiplied by He wa.xiwu.wi 

directivity Car be written as 

P (&) m 0.7/7 £l (2Wa.) 2 ^ (3.03fi , 0^)[o.3|gM7^p+l3667 ! ^T^] i | 

X= tea sm Q 

For any ottier an<jle & = Gc, tbe maximum of tbe pattern ocrur-s ooFen 


KS(r)0e. = 20512 


Optimum Radius a= - Tn*' • A- =— 7 

r ^L^IW 0 C 3 . 053/7 •«!«& c 


[o-3I66«? JiCx)+|. 36 WA* iwuw 0 

A 


Dir^cti v^ity 


iS 


D - 0 71761- fb-ir- ( 3 ; 


A. 


\ 1-Z28247- 4 

3> 063/7. Sir 0 c 2 


fs'irOc) 3 - 

Tbe maximum directivity with aperture r<*di«$ <x{= — 'l 

/ ‘ \ 3 065/^ SiW6o° / . 

0 = ± 2 * 824 ? _ 5. 14.4867 = 7- 1137 dB 

C Sir 6o c ) 

Tbe value of "the directivity at He edcje. of" tine, desired CoUera-y 
(0 = 6c = 60°), relative Hits max/muvn v*iu.e.0=o, <'$ 


Pfo-fc) 


pC6 = 0) = o.'?/76|-C2Tra) i . 

^asir»0 c |= x- ■ (3.^377“ ) St>,e( 

uc*6& 


PC0=O) . 

P(0 = 6c) = P(6c=6o°) 

(«- #a$ir0c= 2.0512.) 

PC6c=&*)'OL^61.C»a‘)f0-o38oafi)*[ft3|6G47 " H - 3<S67 

= 0. < tl76l.(z]ia i )[(3.038oi6) , .ro.3166C'?.(o.z7?3fl)ti.i^?.C0.086^)] i ]' 
= o. t ?l 7 CI (zna i ).[( 3 .o 38 oz 6 ) (o.2067^52 .z)] i 
= o-*?W| (arra*). [>37443] 

= 0 - 3744 S - 4 . 040277 ? dB. 



12^48. For Circular aperture /X3it-k parabolic 'taper IllurnlfloAcon . 
tbe pou3er pattern Q delcd'tve pooler pccUev-n times the 
direcfu/ity), fS glUev) \?y 

P(#)= 0.7SCW. 

t C - feasine } 2 - ’ 

where a is the. radius of the aperture in coaueileY><jtks, and T± 
is the Second -order besre£ function. 

The maximum vaiueof p$), fsr c^ioe/* 0 , occurs when the func+io^ 

rj*OOAH i s d mx'imum • ^ . 

fcasinfle = Z3 


^ a-s'm6c=^3 o. ~ - air 


TV 


2-3 


S'm0 c 


2.73l8'Siv>6c 


DoCdirectioiJy ) = o .75 ^(irai 

- 07 r . 43 EJ"T — CM) . T _ _ 

**- l *7318 Mbjl ° XS'ntoc)) 


Do =0.75- C 1-68388) 


TT 


[ s ' mfSc )] 1 
- |.aGa?ir/sin*(j c 

EO . C . C Relrfue poweit at 0c to <Yno*iwuw) f> ou*a) 
PC&=6c) 0 75 -f 7T. [8- -y^^ ) 


Pf&'=0) 


0 75- (ir -2 0 ) : 


r e- 3LQ.3) ] = [ 8(0.078244)] 

L (p. 3 ) J 

= (0 .625p)"= 0.3?I8I51 

= - 4 . oe^dB 
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12-49 . a. One method "that (an be used combines the results of a uertical 

dipole in+he presenceof a thin, plane, infinite, perfectly Conducting 
electric screen uith a. horizontal 6pening a^ol those of a vertical dipole 
in the presence of a flat, thin, perfectly Conducting electKc4 vertlc<Jt dr ip 
as shou>n in part b of the figure. The strip has been rotated to represent 
the magnetic e^uiualent of the screen^ opening 

b. Another method Combines the results of a vertical dipole in the p/esence 
of an electric conducting screen coith a horizontal dipole in the present 
of a horizontal electric Conducting strip ; as shocon In p^rtc of the figure . 
The dipole has been rotated "to interchange the g.and H ^fields and obtain 
the magnetic e^uiualent of the actual Source. • 

Vertical Electric Dipole 

✓.v A 


~] 


Vertical 
Electric Dipole 




p 

• £o,H 


J 

n 



Vert{ ccJL 
Bectnecof 
Dipole 

_!j 


- = §> + ?i, Ho = Hi + 


Electric Gnductor 


•A 



Vertical 

Electnai 

Dipole 

_i 

~i 


T-i£. PI 2 - 43 . 



-*» -5 


Cc) §„ = e a+ e 4 ( yo= h 3 tn 4 


Honzcmtal 

Electric 



Electric Conductor 


6 . 


A 




VertioJ elecbnc dip°l& fo an unbounded -pee .space 
and Babioet’s principle, e^uii/alents . 
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12-50 c , 

E ="Eo 4* 






- %<■* < a /i 


, a = o. i A 
\ b e o -6 ^ 


A _ 


E = - Oil to 

M— _n x^e = -nx (-^a^Eo)=tt<j a E 


E ( =-Oc«s^4^-s>nX 






= C Cose Sin/ sm>< -s^Y 

p _ .- abfe Eoe^ r 
^ ) 


t X - ”^-s'(^0 Ce>£)# 
,Y- ^ sm6 -s'tn/zf 


jtrr 


sin x 


sm (o.iTTS'me) 

(o.nrsui&) 
SMYJ, ; 
Y 


a- l*»>l££& 

X=o.VTr-sinQ co^ o=oj^stnQ "* 

Y-o. 

b. A-t ^ = to 0 C^-2 plane) 

lEeWlxt^o- « 0 ' , * ero 

Y = o -> «'"*/* = 1 
Y= S &'ir)6 -» SmY/y 

C. At 0 = ?o° C*"8 P l&vie ) , , v 

[E e Cp5>l ^ oc|CM*5g*’^ 

A-t6-?o‘ )( - o-l-ir-Co^ 

Y= J *sin/f 

d At ^=0° C*-* plane) 


-> ?ero 


| E<yC8)| oC { o 

At^=0 6 

A-t 0=?o°, (g-* plane) 


cose- 


vSinY 


IE,s(6, Ww “ I "" Y 
Y-4stn0 . 

r At 6^?o° Cx-i plane) 

lEpWJUte.fc.^l 0 1 - ,?er “ 


(Continued ) 


-> 
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12-50. C 



12-51. 


Referring to FiJ. 5 11 
ZUop = IOO -j 100 

According +o Bobi net’s Principle 

?c’ ^-S = ^Slot Zfioop ■ ^ - 

2s(ot . = K = (( 377 )*) 1 ^( 37 V\ 4 

4 =loop ^ 4- / 10 O-j(Od 4 141-4; 

= -251.27/45° 

Zs|o-b= /77 £ 5 +J/ 77.65 

12-52. E* = djEoCosC^x) 

From ( 1 2-ll3«0 and t|2-Jl3k) 

-f* =o 

, _ rly^ r'V-i /1T . i^cx'sinflcbsjzr+^smes-.n/f; 

fy= M Cos(Jz.'je J 

-2_U/_ J_a/, 


42/~45° 


b/j 

= E 0 f ^as(^x') dx'dn 

J-b/z 

(<■ f Cosax- e B *dx = g- B "CB^A<rAsM^ ) 

) B *- 


dx'd^/ 




■°/j. 




-fa ( X= 

fj= E*(-|ak)~|p ^4- V- jtasiwro^ y, 

* A ; 

The^Q andtytf Component of E- field Can be corrtlen 
J. 


E 9 -j^e^ «£L = 

E* - -j ^g 5 *^** • 
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13-1. To find the fields COilhili the horn, We Will use the cylindrical Coordinate 

§/dem of ^,f,x of Tij 13.2 Ca). Since “Hie region Within tine horn tS 

Source -free, Maxwell's equations 


V X E - -jcgu H (L) 

Vx H - jwc E (i) 

must be Satisfied. In terms of the Cylindrical coordinates £, cft-X, 
equations 1 and Z reduces to 

i- I <5Hx 

jwf E^ ~ f '5if ~ 3x 


- . , C — ^>Hx 

J atE t~T* Sf 
jute E x 

, , . . 1 <^ E x 3E* 

-jw/4 Up - 0ip ax 


~j°/i 


- _ dEx 






(3) 

(4) 

C5) 

( 6 ) 

err) 

CS) 


j^u H* = ^ SgC^lf) 

If we assume that the waoegwcle feeding the horn oy^ suf ports the 
dominant TE tc> -mode, the lowest order mode within tV sectoral guide ctan) 
is that lohich is analogous to the. TE (0 - mode of the rectangular guide, with 
al| the other modes attenuated in the -transition region (throat) between 
the Waueguide and the horn . Thus the cjordnant mode within the horn is 
one whose only non vanishing components are Ei|/,H(>, Hx. 

That is Ep^Fx = H cp -C* 

In addition ~ ® 

Usinq O) and (lo). (Je can write Cs)an4 T8) &s 
0 , u d E* 

j®/ H p = ssr 

-)u>ji Hx = 

Substituting CIO and Cl 2 ) into ( 4) We fan write 

-toJ«EEq,= |^+ I^Fy)] 

Which when expanded Can be written as 

(Continued ) 


(?) 

Go) 

( 11 ) 

CU) 


( 13 ) 
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13-1 CCont'd) 

+ + ° 4) 

Cohere ■k x =c^)u£ Cl4a) 

To so| ve C (4) , we make use of He method of separation of 
variables. W e assume that 


E t (e.x)=R<e>XG0 

Substitutes. C15) into Q4) leads to 

l^E.o^X 




CIS) 


06) 


Dividing by RX and champs He partial s to total derivation 
( 16 ) reduces to 

= instant (l7) 

R 3^- + Rf3f + C(^ = o OS) 

Multiplying. 08) by. (J^R reduces to 

+ e^ + [fk,?r-i]R=° a » 

Where Cj9<*) 

Equation Cl?) is recognised as a Special farm Oi = 4 .) of BesseOs 
differential equation £ equation V~t of appendix 1/1 With a solution 
of R(p) - AH^Ctpp) +■ B, HfOfyf) c^o) 

where A and 3 are constants. The HanM functions of the first omcj 
Second kind of order one ( n - 1 ) were chosen as Solutions because 
the)/ represent traveling wailes in the inward and outward, respectively.; 
Tadial directions. The Solution of (17) ‘S of the form 

XOO^ C (bs(fcx) t- DsinCbfX) 6?i) 

cohere C avd D are Constants. Using C20) and Cal) we can corite 

0 5) as , 

E Y ^.V)*rAHft%)+ B .Hf1^p)] [GCoSCM)+D SincM) J 

(Gntiwuod) 
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03) 


04) 

05; 

06 J 


13-I.CConty) Applying the boundary Conditions 

E4- (p, X=<V-2-) — E^Cp, x = -<V-0 =o 
ie«ds -to 

C CoS ( Hp) -V Dsm c ^ ° Vd> D*o, « « (g) 

C CoS(^)-DSi«C^?)=o J 

Equcdiovi Ui) Car) be vPcoritten as 

E<p(?,X)= AwCOSCfetJc) TH 1 .^ (?)+ CX W HuV)^ 
cohere andaS* are Constant's f>rthe modes m=i,3,S, • •• 

The non vanishing ^aijnetic field cfewpowents (an be obtained -frunn cu) 

and 0-2.) . Thair •« 

H e Cf,x)= jw)T W f/= j^rAwS'»'C^x)[H < rf^) + H* ei(P)] (*?J 

Hx (£> X) = - jd/7 p" ^p) G^Okc*) [Ho f) +°Ah H o ^ fO] 
by uslvg. CV-I8) . 

If Loe consider or,\y the JUoest order vnode Cvn = l, k? = ^6.) and no 
reflected owwponent ToCn, p) = °fo> Ho J C^p) - ol , the field s 

ai+bin +be bom Can be tor cite y> os 
Ep^Ex — Hif^o 
Ey (f, X) = Ai Cos(-£x) 

HfCp.x) =j^ Ai^^x)Hi^e) 

Hx(p.X) =j Ai G>sC^x)Ho W C^^ f>)f 

^=[K*-(v^J Vi =)<D-(feT=kD- ( M)T * 

c^u/fy 1 - W /*A => L 

Ttie cylindrical components Ey(p,x)and H^Cp.X) Cfcnbe resolved. -to 
an) point (oitbir) ttie born to "their rectangular Counterparts 
USiV^. Cvll-^a) or C VII -7b). Thus 
E? = -Eip $inf , Hz-=HfCosf (3o) 

E^= Ey&sy, H^. = Hf sin If C3|) 

(Continued ) 


^?a) 

C^b) 

6*?<0 

dU) 

&*) 
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13 -1 CCont’d ) 

uihicW -for Korns with small flares Cif> small) nectace -to 

Ei=H ; =o ^ 

% - E>, H 2 i H f ( 33 j 

Xf the ^en^fh of "the horn is/a^je^ -the Ha«|ce[ -functions ran he 
Appro rima-tetl by the'ir asymptotic expansions of (v-17), or 

jV^eW-w H «c*f)=^r e-w-'v (3+; 

where p= ( 7i_ (34a) 


Choostnj a Y1£(0 OoordiVldte system C*y, 2 ') ) as shown in p(^_. 13.2(A) 
Such that 

X/=X * y -$> Pi = ^ff»Ke C 5 S) 

We car write p of (34*) as 

e- c [^[1+41- i($H 

fr»p narrocO horns 

( 0^ f PiO+ f>r phase -terns 

C-i for amplitude terms 

Usiwj. (30)-C3'7), We can coKte G-^ b> as 

E* * F/= Hy = o 

p = ' a v/Ifl e^f* 

^•1 J '•* V TT-fep I / . 


EyU',%') ± Er^Cos («-x 0 e )A ^ 

H/ « a - j E i ^ JJ-) ' S|T1 (* ■ *') 

Hx(X( + y GsO&*')gP^ V) 
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13-2. 


tw <jeovr>eti~y o| Figure 13.-2 do) 

a. 4W = f^8w=^-eO=x^ e -^ Co5 ^)=^PeCi-cox^) 
^ = x:(loA)Cl-Cos^e)^^OoA)Cl-Cos^)= 2TTC(o) OsiH^ #)] 

s'"* # - Jck * i * # = s "'(4-) = 7«e- 

Ijfc = 5 ft. 4-18 °J = 14.836°, = -2?.£7.2 0 

b. |i=^.sinfe= to ASM ( 14. 836°) = .2 .56 A ^ b, =-S.|*A 



C. ?) =^e.Cos(fh = (OA GosC (4 836°) = ?-6G7 A 



bi 

■JiAfci 


5-UX 

2Atf667A) 


= 1-1644 


= [Ca-I644)] A = C0.73B)** 

S*(^\ = [ SCI- 1644)] = f0.590^= 0-34f3 
7 u 

tn _ 64CQ.5A)6?-667A)^ ft ^^4- 034?3) = ‘7 l?i = l A 3SdB 
Ue ttCS-I-O A*- 


= [l-fo-A) 2 -] (I7 I?a) - O.'faO? !?- 2 -)- 
= |2.|8dl3 



13-3, (J, = Sh, bi=3.i7A, a = 05A r?A+ c b 'A)'-l' / = 6*U8A 

A. S»A, t3-47A)\ 0 ^ 

8A 8 A- 6A 

<3-0* •’ ^isine^o 

A 

Usiflj Fi^.J.3.6 *batjt)r S- 1/4- > at 0-=O° 

E - 0- + *°^ C J 1 tQgC o ^ J = 0 -t* 0 = cdB 
S=lO°: ^-Stn6= 3.4-7 «'"O0 # ) = O -6 , TWs oat 6^10° 

E = -3S i-^U e [ 1^% -vS-5 — O-OtfS = -3- 56"6d0 
: ^s\«e = 8 A7SIH Uo°) = 1-187 

-?-25 f 1 + ^ - _<f.2b - O ..266 - -‘f.S Ifi'dB 

k P = 84 e, a p r if A. 



Trbi A 

= , ,. 00 
-J-2A£i V -iA-^A 


‘, ) + S' 



03-19) 


C*a60)= C0.7798‘?) J - = O.SOffi 
S^ClOo) = C0-45fiutf) 4 = 0.17^1 

De= ^OaXO-SA) [t).608^+O.p?i|] = l4-0f5= l|.47dB 
TT (3.4-7A)CA) l 

B-^ =*WSbs = Mlw 

Povn Ffl- 1 3-? * $E = 6l-3i 


4sl^ 


C|3-^0 


n ^ qe 
De - X 


; 


0_ 
ee/x 


= 6.5 4= =14 57= U-SMS 


V 


50 


tf-^458 
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13 ~4. ft = 6\, b t = SA, a = 0-5A = C l/i ^ C6\z*) 

P<? = 6.7o 8A 

a. vS= kA/g^, = ^V8c6) = 5/4 

6 = 0 *: fc;sin 8 =o. Fran P 3 .B. 6 =»E^. 3 +^Ag u ('±|»j = . Mt0 .^ 

0=10 ; _ |. 041 ^£._ cus+ jj (OResS. _ 60 

^ L 4‘0 v a. ^ — Qaf-o.o$* = -a 3 l 6 dS 

O^to' U 0 ^ 10 ° 

S-^o : l{-sjn(io'; = ^-0&i^E = -Jn25+-2o% lo (±t^i.\ = -5.2S-o.i6^ =? -3-$l6dB 

0 v * A^o* 

^ = =* X = l-73i 
VaAei vp: 

Usirtq TaHes in Appendix IV C*C 1 . 7 ^) ~ ( 0327 )*= oio6?3 
J S *C I. <732) — (o,B\796)*’— 0 2681 


Usm^. 03 - 19 )^^= \~1 

TTb.A LC (^) + b C^JJ 

Q e = j y- 5;6 [ fl . 106^3 +0.J.681] = 3 . 8 l ?>7 = 5 .§ 2 dB 




So 

PiTA 


-gim 1 = 16 - 3 S 

1 6 - 7 oe 


fyow Fis • l S '? ^ Qg = 3o-3ls 

Uswo. Cl 3 -iOc )4 p £ = x^^ = ^S^-= 5 - 3 S 2 = 7 . 444 dB 

^ fpe/A (St/ tyc 8 


1 3 ~ 5 . b,=: Vi>^\ 

Us'l^j. CI3-l<7«.) 

?, = 6 A 4- bi = 3.4fiX 
pi =IOA ^ bi = 4.47A 
p, = ISA. ^ bi = 5.48 A 

p! =doA 4 bi= 6 . 3 iA 

p, =3oA =£ b t -7. 7^" A 

Pi = SoA.^ bi ~ [o .0 A 
p, = 75 A=Hi = d- 25 A 

pi = 100 A =b bi =■ 14.14A 




b| ~ 3 5 A 
bi 2 i 4 .SA 


bi — 5 -SA 


bi c= SSA 
bi — 8 . 0 A 


bi c^U>. 3 A 


b, ^p.SA 
bi — 14. SA- 
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13 '6. (\=.20A, a=o.BX 

a. Frt>m Fijure (3- 8 ^ b| = C5\ 

b. *.* - ^ ♦*= btffff, 

^1|4= 2.C%23°)~ ie.46° 
c - De - 64 g,* 

TT bi A 



uxp,)+ S^Ccst,)] 


(13-1?) 


6-5A 


13-7. 


r — — — »-- ■ — " 1 • 0 ^-8 

VaXfi V-iA(^OA) 

UsSmj "Hue table i'vi /^ppeyidixIV 
C*( 1.028) = (0.77) *= 6.5fx^ 

S^C I.Oi8)= Co. 44)^= 0-1 ?36 

p£ = l 4f -? . gj( 6 -^ 0 .57^y + 0.|?36) =-24.65 = l3.?^dB 
TTC6-5) V 

CoViicli CoYnpc*res v/ery U)el| toL+h *Vie ttolue^hwt Fi^. 15-8 
d- Frowi F'jure |3 7 =>> KPBW^IC 0 

e. e« *te. a +ci»./^ i ]^r^) A 4c<.5A;*] Vi A« *°^a 

B=*S/|jk “ ,S5 iI3^= i<ix| ^s i = a.6 <>~ Fi r « is.,) 

Ustoa, (l3-iac)4l) B » = 0- g <3 ( -62 = 25.7'7 = »4.l4c|B 

xf^/x Jso / i - c . j >6 

Q=O.S in = 2-^86 O' =} a= A = 0-8382-A 

l . v 2,7.2.73 

b 0/4 iv» — 1.016 OVvi ^ ^ _ | 


016 


2 . 7273 

De = 3o= 14. 7‘7dB=^ — = 36A ~ 




A = 0.372.5 X 


^^aSS^ 3 ' 3 **** 36 


Usi 


(Wj Fijure 13.8 4 (?i = icA, b t ~ 4.5A, for ^36 

= ttxinf-^— =•) = tan 1 Co. 225) = /2.68 0 
■2 fe = 25-36° 


=?. 23 t “ 
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13~8. a. bi^/axe. = y[z A'Uo\) -Jzo Tf- = 4 47-2.1 Tv 

(?e = A /ao) x +(4.47i|/ 2 )J- . A = 10. -*77o A 

= 12-6044° = 0 . **» Crad s) 

b ' B = = 4A ' 7Zl iS^o =4 -4^||48T?S =44WC2*°1*) 

B=- 7-8787 =7* From Rjare 13-9 Gte — Si. 5 


_ a ^r s 

f, 


De = KTsT =o.?Sio 


Pe/;v 


S 1 - 5 ” , Si 3 

= c.i/SX) r =28. 114= I4.494B 


n so 

VlO.-i 


470 


-2.40?0 


_ C_ 30xlO^ „ , „ 

7^- -r — s~ =. 3 Ow> — I • (8 1 1 

x loxio 9 


a 


= JL3--\=on6J.o7^, 1 = 

> I All ' ' 


lien 


■^r A= 0 33S7A 
I.18U 


C. ^ ^ - 2 *37 Af - 0.6565- =65 - 65 /. 

v /^p 0.7^o A(4.47-2I>^) 


a** ‘ $r <* *= = JpO*. 114) = a -zm ^ 

d. = kCee-fi) = xOo .^470-IO)A = 1.5519 rads = 68.>3° 

[3-9 To find +be fields wdbin avi H-plane sectoral horn we c*w use a 
procedure similar fc> that of aw E-phwe Sectoral born of Pr&tlevn 13.1. 
For dhe H~plawe born, MaxuelPs ejections reduce to 

o WE f*eT^--^ a) 

JW6E,v = ^i£.-dhbL 
r <^14 df 

j" 6 ^ = pSpffH r ) -fT5^ ! ’ 

Usiw^ -Hoe geometry of Figure 13.10. ~[T>e nonuawisbiwj Co^powewts 
Uibicb bectmatrb the TE l0 -Wwde of -the waueguide are Ejj ( H p,Htf* °r 
Eo = Eu> = Hw = 0 and -^r=0 (<7 ) 

^ 5 » (G»rtl«.«0 


(*) 

C 3) 

(4) 

C5) 

ct) 
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13-9 OW'd) 

llsincj t" 7 -) reduces (3) and C4) to 



( 8) 

jco/w. Hij, = a^a- 

Substituti n^ C &) and C9 ) into (3.) leads to 
- Ey - £ 5p-(e or 

CS) 

ao) 

e^i-e^ + S^ + te»*V“ 

Cll) 

Where &*= cdfue- 

a ia) 

Assaming til) is separable., we ran write 

E^Cp, ip) =• RtpjtpO) 

02) 

and reduce (11) to 


e^+f^-+rc*t>-rJ R=o 

03) 

+**<!<=. 
d A «p x i T 

t/4) 

where -p* is a positive Constant . 



ror jure norn , uic uti^irea ioiu-Tion '-isyanu (.(4; are o\ uie 
forvn C Equation 03) is. Bes-sels equation ,see C V-l) J 
RCf)- AHjC^)+ OS) 
ip(i|>) = C CosCfy) t Dsinc-pifO O®*) 

where A,6.C,t> are arista**, Thus ( 1 1) c*„ be written .j 

Ej(e.f)= [A H^’rte) + BHf V+f)] [c (oS( T W + Dsincw 1 ° h) 

Rejerrincj to Figure. 03-iocb)) and applying -the boundary Co ndition s of 

%.(e> 4 , =^) = %(e> v=-^)=o ( ,q '> 

We find that (18) 

D =0 ; P * w Lift) > Wl= A » 5,5j 
and write t(6) ccs 

- Bm CoSCfcp) •[ H^(*p) +£m O?) 

(Continue dj 
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13-9 CCovtt’d) 

where Bw and are constants for tie modes 1,3,5 

Tie nonvanisling rHayietic field Components Hp and Hip of C8) ancd C9J 
reduce to 

H f ^4 , ) = -j^irf lip^ — -jB»i oJir'e C H p <*?>■*£»• cty] <*>) 

H^Ce,^)= IrCasc?^) D#*<>+ frn '= Ai> (W 

TY)e c^ImdnVal Components Hp ar*| Hip Gxy\ l>e resolved to •flte'nr tectar^uk*- 
counter pacts acina CVI|-7 a) or CV (l -?k>X Thus 

H? = H P Cost/' - Hq, S>n Ip ^ ia ) 

H* = He sin f -t- Ktp cos<| 

idbkK for Stao.il flare horns small) reduce. t-o 

Assuming fie lowest order mode Cn-4.) and onl^ rodiallg outward 
traveling waues, the fields tOrtlin tie lorn Can be coritten as 

E e — Etp = = 0 ^4) 

% C?> HO — OoS C pif) H p^C-fep) 

H* (e.f)= -0 81 1 ascfif) Hj,“’'cty) U6> 

-jBii f sinCfV) HpWfkf) (J7 > 

U^mg the asymptotic form of tie Hankel function as given b^- (V-IT), 

Uie can write C- 2 ^ ) as 

E#(p><p) 2 : f Bj. CesCpip) e>ty (**) 

cohere p= C2 i +)cD ,/j - 

Using a. neio coordinate system as shown in Figure. 15 . 10 Co.) 

Such that 

*'= -X , *'= , « '= 2- -fa , ® f h Cos-ipn (JIJ ) 

(jue Can write (08 a.) as 

p= [?\x‘/ l = c ( ?'+px) a -+ *'*-] ,/4 - 

Equation ( -ifaj can be written, using tie binomial expansion, at 
tie aperture of tie laorh Ci'- 0 ) as 


(TContinued ) 
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13-9. OW’d) 

e = r^+x^-^c i+ f^j‘] l4 =f.[>+ic#)-^A-o (so) 

Fora small ‘flare. a.YKjle horns Cx'«(2±.) J (30) Cav> be o.pf>raxl^ojreci by 

{> 2s | C* D + fa phase terms 

' Pi- 'for CxW D lit Lid/ 0 term s 


^ for am pli+ude. term s 

Ustnci (31) cue can corite (i&) as 
E 8 'a-,.|0*&cos(4Je i * ( t?) <3i) 

e ^ «» 

The fields at "the aperture of hor^ aw be approxi mated by. 

E^cx' ) =• Ei Gbs (-XxO e)^ir ) 6*4) 

Hx'Cx') = ~~ cost J xO 

13-10. ^ = 6^, Qi=6^> b=0.a$A 4£h = -J?, 3 +(aJ*)' = V 36 49 A ~ 

a - ° H = ^ i {[CCu)-C^)] +rscw-sc-y)] x ) 03-41) 

/U- vk( ^ + v==)=vl(x + =2 - oz 

Usincj the tablejof Appendix XV 
Ceja) = CCz.Oi) =0-5069 » SCu) = SC2 04) = 0-3496 

CGV)= CC-I.44) = -CCI-44) = -0.503?^ 

S&)) = SC-l -44) = - SCI 44) = -O- 'fo'jtx 

D H - . ^g ).€ [(0-5°6? + 0 - 563?6) V (0-3M6 1 0-7C7A)" 1 = =g ^ 7d8 

a -< P& ^662.73ol) = (6-38 4 Cth = 84.13 tf»*F«§l&/7) 

A~ M^h/A “ 6 V6-708i 

m )^7m-8.267d 6 

Usmg 0S-4ac)^ Dk ^ Tgo \l 50/^70 a ^ y 

b. Us.'m<> Cl3-32h)^^-_ ov^_ _ _ 6. - 3/^ 

J fxfi- 8 ( 6 ) ~ 8 4 

6 = 30 °: ^ s'in 81 - 6 -sin( 3 o‘> 3 ... 

- ..._." /j+CosiO) _ _m 2S -0.6oaj. = -I4. 85 ±± 

Usi** Rjure 15-14 4 E*-4.25+ao^i.t * > 

0-450. ^J-sIne, = 6 sin (4£ 4 ) ^4- 24 4 E= -i4+iofi 0 ^ la ( =-j 5 . 37 ^ 

6 = y . aj. slnS , = SsiiCKJ* 6 4E— «.5+J0lgu ( = -if. 5 ^ 
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13-11 a, =VTi\?r 

Us'.fl^ (13-41 C) 

^i= ^ ai - 4.242.6 A. 

px= 8 A, => a> = 4-8?? A 
ei-toA => ai = -5-477 A 
(?i = 15A 4 a ( = 6-71 A 
- -WA ^ a» = 7-746 A 
^ =3oA # at = 7-487A 
= 50 A ^ Q, = (2.247A 

0J. =75 A => a ( = 15-00 A 

£*. =|ooA ^ °i “ 17-3^-A 


Us Injj, Fijure 13- 16 
ai 4--25A 

a, i5-o x 

a, ~ B.5 A 

at i 6-7 A 
a, ~ V75- A 
at ^ ?-5A 
at 2: 12-4 A 
at i. I5-25A 
a I I76A 


13“I2. a= o- 7 "= 4-2860* i Jo = 0 • 4 " = I 0 l 6 crn 

f=UGrHg => A= = 4 7273 c~i 

£ = *dli= 0.8382, £ = ~ l( t • = 0-37-253 

A *7273 A 2.7273 

Dh = 16-3 - i-2-p.dB 4 ^5_^ = J6jA. = 43.755 

b A ^7^35 A 

Osl^ Figure /3- (6 ^^lOA, ai=5-5-A 


a at 2r JTTf ~ ^3 A fioA.) = -y/ioA*- - S-4772 A 
Ph =■ V (V+ (“•A) 1 ’ = 5.4774/2) *- A — I0-3682.A 

*R = taw 1 = jt-a-vT' ^ 6<? ) - 15.3156° -=o- -273? Cra^s.) 

b - A = = « «« ViSi “ S'^ W-WSO »«-«80 

A = |2.0i8 0 Frovn Figure 13 J'7 ^ Qh - ^S-8 

h Gu 76-8 (70-8 1 

Dh = =0-3387 35 = =0.3367 =15-2384 = ll-82?4dl3 

V$7a V 16-5652 



A^ht _ I-2R6 A*~ 

A P 0-3387AC 5-4772 A) 


= 0.6537 = 65-37% 


AeM * ^ & = 4* 05.2384) = A* 


d. A&w = -kC^-pJ = ^ ClO-368i-lo)A=2TT (0.3681) 

— 2.3135 raols =? 132.56° 
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13 14. Referring ■fo Fi' j tire 13.(6 

pe* =(>.*■ -t- (.'Q)*- =»^, a - “pe 1 - C 4>Pi ~ Cfe A — C^) 1 ] a =b|[(^) -4J U 

Also , p 

^1= Pe+5: Cot(lpe) = Pe.t3T^- ; = Pe + fi <T§t) =» Pe =pi(l-JgJ 

Tt " s ft ^ 0 -fe) - 1 » [ (fe) Vi) P< 1 -fc ) » a-, -w Vigr-i 

In a similar manner, We. can shotc that - 

?h = (a,-a)7(| tL^ 

p, = I3E* = 34.49 e» \ 0*=[f,N. Cbi/^^'^/s.T?-^^ 3 5-03^7^ 

= l4 ^" =36.07 c*» ^ h = [^(a l / J .)^] l/x = 14.7061* = 37-3536 c~- 

a ( = 7-65" = 1743 o™ 
b\ =5.65"= 14.35- On 7 
« = 0.7"= 2.X8S ovn 
b-o-A" = |-0|6 On 


13-15 


a. Vk =d5|-b)^p^jU^ = 65 . 65 - 0 . 4 ) =12.644*= 3 |- 862 r»*t 

7 > h= COi-a.) (7.65-o.J)J^^)-^ = (2.52^=31.8^46 

Therefore pb , and the pyramidal horn is physically, n?a|i ?a.ble. 

b, f=§.2GH«- ^ A= |~1^! =3.6 58537 Cw =1-44* 

C‘= fHA.= ?-375A,Q ( = ^||7l=5.3l25A ; a=-^ 4 A=o-62tA 

e* = 13^24 A ._ rs , 78 « 


e -‘"TO A=1 ' 86IA 


a,= ^- 3 . 1 « 6 A.b=, 8 iA=^ A 


= HJMi A= |0 2|3 A 


41- r^f + ) = £( 4- -^P^- =1-6142 

-ftT + <K^- ' ^5-31*5 VT^eT 

ai S A, ^.g 6 | _5-3|2W\_ 

^ bits ^r;~ 67753 


VI 


_ 3- ?236 


= 0.&S35 


V2 6786D 
CCa) = CCI. 6 I 42 ) = 0-3&75- 
Scu) = S c 1-6142) = 0.6262 
Cft)) = c P-<m8i)= -c 0 . 7783 ) =-o. 7 o?l 

SCO) - SC-0. 7783)= -SC 0.7783.) = -0.2326 


"V Rom Table in 

Append!* -IV 


(CovitfWMed) 
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13"l 5 (Gwt’d) 


C = C (0.8835) = 0-75 7? J Fn*,, Table iv> 

Appe>ac(iV Xy 




S (6-8835) = 0324f 
Uslnj (I3~52) orCI3-52.a) 

Ve = Irr {rcM-a^vrsw-scrt^fc'c^ts*^) f 

- 87 (.13.5)04. •*) f, > , r 

7-6S (5 65) ( (a3S ?* + 0.76?/) +(0-tf^i+0.i3^)»J [(0.757?) + (0.324 ?)-] 

D p = 142.456 =-*l.54dB 

Us'.^. (13-53) ^ D|>- 10 Cl.0O8 + /6^ lo (^r)]-- (U+U) 

o, ±il- = n io5- =>Le = 0-5dB 

8A^i 8 (9-375) ~ ' \ Usina F^wre 13.23 


8*?' 8 (9-37?) 

t = -5£- ^ c5.3ltS) *-_ , 5R 
8AP* 8C7.86I)" 0 8 


U - 0. 8413 


N ’ 1 w 

TViwS 10 { 1.008 + JU te f5.3!i5C 3?^36)J -(0 5+0-8) =-23.^?8 - 1-3 = 2\.<fi4B 

A= x^ = 5 ' 5W )/S = ll ' 754 ^^ =c?8 :2b ' 4 Fi 3 ure l3 -'7 

B= a^= 3.?23(^^=8.?65 ^Cte = 85-3^5 from F^ure 13-^ 

= (g5.335Xf8.a54) 


?5*78 

Usinj (|3-54e) p _ Gh 
P I0.IS5? n 



^ (10. lS57)(2.485)(2 4|-«; 


164. 7?4 


Dp= l(2-7?4 = 24.ndB 

f = 10.3 GH?: =» a. = | p°3*^ = 2.?U£e<Y* = M467* 

USinj -Hie Same pfbcedure OS "for f = S-2QH2 - , lOe kai/e "HiaT 
ei = ll.'773A, (>* = |2.383A, (fe = (2.02.7? A,, ^ K = 12.8^7 A 

a, = £671 A, b, = 4 ?27A, a = 0.784?A>=o.S4 85A 

,U = (.7135 , 11 = -0?675, pfe-_- W =1.0l5 

-UX^T 

CCu)= 0.32515 , CW= -0.7750 , CCw)= 0.780 

S(u) = 0.535?, S(u)= - 0.4063 y SCw) = 0440 
Us ( Vg 03-52.) =j> Dp= ^/g 3 )^ 1 j (0325(5 + 0 .7750) '+ (0. 535y -+0.406 j-X j 

(o.78)% (0-44)"} = 18^6= 22.73dB 


( CoiTt-naued ) 
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13-15 CCont'dj 

5= = 0. •2517 ^ U = O.J ; l-»^--0.44ta I S 

SAp l oA(/i 

Using. C 13 - 53 ) ^ Dp= lo { i-oog +^, 0 C 6 - 69 | t 4 -.? 27 ;U = - 2 J. 8 « 7 dB 

A = 5 . 67 / CM 745 i) * < 3 . 172 . =* Q h = ?S .673 


B= 4 ?77 C 2 0388 t) = 10 - 045 S- ^Qe = S |.550 

Us'«"i ru- tuco d> h p = ?8.67^ ($t-5Sa) = |?<5.2ii? = ^*p e/B 

^ 10.(8 59 (l? 745 i) 2-03687 

-f = | 2 . 4 < 3 H* ’• A. = 30 x 10 ? ~ 24 l ?35 C'wi - o.? 5 -» 5 ,/ 

12-4 Xiot 

Using tile same procedure f° r -f= 8 . 2 GH? , we hcuue -Hoa/f 
Pi = 1 4. 1 '73 A, ^ - (4?08A, (>e *= 14 -48 A , ph = l5-43?5 A 
ai = 8.03(5*, b,= 5.?3/6 A , (X = 0-?44?A y b= *4/?? A 
JU=I- 8 |I, U* “I* 13 | , W =p^-— =NI 4 

v **A.£i 

C£U) =■ 6.340 , CCv) =; C(TW)= a **0 

SCU)= 0 - 443 y SCl?>* - 0.560 ^ SCw)~ 0-545 

^ ~ ^ Dp - | ( 0 . 340 t 0 . ( 745 ) i “^^O. 443 + 0 . 56 o) a j’ * 

r^.?6) x -h ^o.545j x !] 1=3 -2M-84 - 


S= -bl- —0-3 1 ^ Le = l-4; * = = 0.541 =» U = 2.| 

8A(>i 8Api 

Usiyi^ C15-5B)^ Dp* lo{ 1008 +jG*j, 0 f8.03|5 (5.?3( 8)7} -Cl-4+2.0 =■ ^3-36d6 

A= 8.0§18 CI-WW) - 14.45-3 ^9 Gh=?S. I 
3=5-9318 Cl* 858) = tl-°- 2ir T => <^e = 8°-5 


Using. CI3-54e)=» Dp- j L 1 / 60 - 6 ^ . = 225-o£3 ® -23.!>4d6 

d Oo.(85yXl ( 7??S6Xl 858^ 

1y) summary y all -three e^tutfioKlS yield. neariy idewKod npsult"S. 

TV^e QbYnputeci oli recti u it! es aspee. clase^ coi>h those *f <a 
CbVnmerciai amt 


Cowpu-iep (Result 

A* 8-1 GtH^ "> D P = -21.70/^48 
/0.3GH? -*• D-22.7?/4dB 
12.4 GH2 -* D p = 23.3311 US 
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13-16. 


pi = 53* =I3.4SC^ 

Pj = 6 . 2 " a 1 5- 746 (on 
a, = 3.ot‘= 7sso^ 
b| = 2.34*= 5 ?44 CV\ 

0.?" =• -2~266 C'wi 

b = OV = 1-016 C >~ i 


l P* = 5-428* =13. 7«Sf^ 

ph a Cf. a + (*•/*)*] ^mesafg"* 1 e.2*f{0* 


a. 1^ = = (1.34- 0 =4.3?4''= M-16 <*, 

?v>= = £. 0 ?- 0.9) = 4. 374 * = ll - 1* 0*, 

Therefore p e =Ph,and the pyramidal horn \s physic*.!^ reaii . 

b. f=8.2GH? Jmil = 3-658537 C 5 * - 1-44" 


8.2Xlo9 


Pt = ^-|-?i=3-6eA , a,= i^J- A *i.|458X,a-^X* 0.6i&A, 


?-= 


I 44 ' 1 1-44 

Pe = illi5. A= J.I764X 

'•44 A 1 0.4 ^ =o.278 A, 


-^4 A~ 4-3&5A, hi ,. 44 


?►,= 6JSI$ -443 /A 

^ 144 


7 4305 + 3. <458 
1458 -JXioS 


•) 


= 1-415 


... 4= ( itt. . a. \ - -Xf id 
' U-V5;( ' ~4T ix?i) ^■ 2 - 

1> • vfe ( SSL _ 3jiE 1 =. -0.0 m 
V TJ^ZJ 2.\458 V 43 7?/ 

- o-Sfe? 


■y FfsmTaUei i'n 

Appendix IV 


h| r _ 1-645- 

t^Apx JzxJIh) 

CC/U) = C O 4<5) * 0.5^54 
SCU) = SC 1-4150 - 47111 
CCrf - C(“0-0 476) = -C (o-oW) =-0.047/ 

Sen) = SC-o.<*«) =-SC0<w?tfJ = -oooo=t ' 

CCo-5?8P= O.S8o| . SC0.5?8?)= 0.11004 

Using. (13 -Sa) or (13-53*) 

Dp « ~^j [ccuj- Cfl>)] %[scu)-SC»J]*} {C A (^) + S A (i^,) ) 

~ 87ICS ?) ^^-^o.5^84+o.o<476) a +Co4ill + aoooa5) i J [(0.58°!)*+ (o-l 1004 )"J 


(3 09x2.34:; 

= 33.36 = |5.23d5 


(Continued ) 
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13-16 CCont ol) 

Usin^. 013-53) =* Dp = 10 [ 1-008 + i^ l0 -a« + U) 

s = ^ = (1-6x4) 


are 13.23 


=t> Le — o-M 13 


^ U = d-xc/13 


8A -?' 8(3 (, 7 V ~°- oS< ? e l Using. Re i 

^ ~ - — (a.l4fe7) i 

®*e- ~Tchd)^°-' is ^ 

~PlUS Dp- lo{ I •008 + jfoj l0 [2.<453 0-6-25)1 f-Co.| + o-a)= lE-5'0-3* |S-xd3 

=7-2037 =?(^k= 7/2? from Pjure 13.17 
B = = fe-?l 5-8 =* £e = 5B.66 frow, Figure |3-? 

Usir^ (l3-&4e) ( Compder Results lfe-25o7c/R) 

Dp =^_|n ,jM6W ,33.57= Ib-KdB 

laA8 ^M,JK (3M*1 VUss 73) 


f?c*/A V^h/A 

f=l6.3o*H? •’ 7L- 30*10 ? .- I.fuf Cw = M 467 // 

103X10’ 

(isinj fVie Same procedure cs for _f-=-S.2§H2 , we ^aue Obd - 
£, = 4-62xA,(? J .= 5 4068A , (fe = 4.7 336 A, S-5722.A 
Q ( = 2 . 6 *?fe A. , bi = 2041 X , a = 0-7S4? A, b=o- 34S<SA 

M.- (-4 2?6 , *0= -0-ao?F, W = ^=. = 0-67/3 

C 0 U)= 0 - 510 , COO “ - 0 - 2 o<| . C0w)= 0-6371 

SCU)=0-7o<f, Sfa>) = -o-oo? , SCw)= 0.I54S’ 

|JS "U (l3_ ^ * Dp Xor^tt) | (6-Kl0+0.2o?)\(a76? + O00S) i J X 

{ (0-6i7|) i + fo.l54SJ 1 ‘) = 50- 4= <7- fl 2dl3 

Dp= I7.02.di3 

S= - = 0.IU6 => Le = 0.2 : f — = 0U7^ ^ U = 0-2? 

8X^1 SA ^ 

Usin^. Cl3-53)^Dp = to{|-008 +^, 0 f2.6?5C2.04l)]}-( , C-2+0-25) =1 7.034UB 
A = 2.6?5 Ci-?T55) = 8-072? => q- H = 78. 6 
B = 2.041 03.25; = £-033 4 <5 e = 66-1 


U3i^ CU-Me) ♦Dp=^llC?£ij -6J. 4 7./7.itJ8 


(o.ie5^0a ??55;3 25 

(Coyrt/nueJ ) 
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13-16. CConi’d) . 

f = p.4<5H2 * A= | ^y 7~ ? = • ? -4l?35C<v*» = 0.<?^5" 

Usiwj the same procedure as for f=8. 2.<~ r H£, ws “ baue tha.1 - 
= 5-5643 A, p*. - 6-Sof-i-Aj (?& - 5 .6? 87 A , ( ’h = 6-7o 8-2-A 
Q, = 3.i44IA, b,=a.4567A, a~ 0?447A, b= o • 41ft A 
<U = 1-455 , V- -0.343 . W»^=y « 0.7364 

CCU)= 0-4?0, C(v)“ -0.33? , CCW) = 0.685 

Sto)= 0.705, sct>;~ -ooaas, scw) = o-ioo 

Us'try. 4>D P = (6 3 ) 6-4 j(o .?f+o.33?) +(0-7°5t fl. 022 $J*y f(o.& 85 )' Vft.ijj 

3-0? (*^*34*) ( 

P p = 70.75 = !8.4?7dB C Co^4 f r Result = 1 8- 5l5o3g] 


s = 


_ be 


8 Aei 


0.136 4>U = 0.25 ; t 


a 


SAf^ 0 -*> 2 .=$ Lv, = 0.3 

(Xs'nr^, 03-53) 4>Dp = (o{ 1-008+ ^ l0 [3 i44l 0-4567)1 )-(0 25+0 3) =18.54446 


3U4AI (-2-T30I) =8.8568 -4> Gh = 84-55 

-g = >4567 ( 2462 I) = 7-276 < )4>Ge = 6 ?- 6 b 

Osina. Cl3-54e)^Dp* 6?. 65 C 84. 55) 7M?i = 1 6-54dB 

T 10.18 57 (A730IX «*•?**!> 

Ih SUmntar^ , all -three equations [ie. (13-5*), 03-53)) av\c\ Cl3-54e) 1 
^i©l4 nearly identical results. Tbe computed directivities agree closely 
u>\\M Hose Measured of He co^werciall^ available unit of F'tfi IB 2A 

IT Q 0 = I7.05cIB ~lolcg l0 ^ o cd’n^evisiovileji) =} I o 1 ’^ 0 ^ — bo. 7 

4> A = .30^ #i 727} ^ 

l( XI O' 

a= 2 ~y = 0.638iA , b = . I 0 — A = 0-3725A 
a. 7*73 2.727 i 

The initial value of , is taken > USin^. (13-57), as 

*,= -^L =3. 2I7U7 
/ -27T V^tf 


tohich does not Satisfy (13-56). After feu) iteration, itisfbund 
that Xi = 2.?67?5 is a Ynore accurate. Value. Thus 

= XA. = 2.767?5 (2-7273) = 8.0? 4-SOw, =3.1868" =2.767?!>A 

eh - w(t)*- iwr 5 )^ J4,l5 ‘^ ,Sii5c '“'- 3W? ' 

(Continued ) 
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13-17 CCct’J) 

ai* ^ ,rx * = Hi nr - — - 

aiT VaTtjJr in Vi ^ C3 . T67yb - j A = 3-2 3646A ~ S.8*68 O* = 8.47t' 

b l = A = yfTc^ws) A = 2.43S37A = 6.6 *< ?0m = a. 6(6 * 

Ti= Cb.-b) [(■^•) i ~4-] = ->-46167% 

V=i> &-<?/. i- £.25*6 o~ 


- 2.46/7" 


?h = ('ai-a)f/£i.\ i -Li"* 

L \^7 / 4 J = 6-3526?Gvii ls ^ 46l6 < j ,/ 

Us‘m| (l3-54<x)=>A= =|i-i47^<^ H = ?8 ?a| jVo W Rsure I3./7 

“*"«■ B= ja/»T , ^ Cte= 8I . S(8 ^ Fj)Ure (i . t 

Usi^ (l3-54e) 

Dp= &E ^-H _ 81. 518 (?8-? A i ) 


101857 



5-0 


(WA i?h/A. 


10.185? 




5o 


5o.?6?5 =■ / 7.070IB 


13-18 


«ns\j. 4?|56 


A = 30* |0 J _ 3 o, 

I 0 x I rtf 


a ■ Q > -t[3X? = -JzMtoA) = t/IoA 1 - S417A- 16-43 

bi ~ - V^oA 1 - = 4.472 A = 13- 416 o-w, 

b. C To = X g (a.b, ) = i ^ (5-477A) ( 4472 AJ = 153.8? = 21-8746 

^^Cel ~ • ■ I - f^p - 2 , fap-i =5oy. 

^em = “ Jf (IB.8?) = 110. 2156 CV = i/0 . 2l56 Xlo 4 v», A 

Prec - W'Aem = IOXIO 6 X 110.2156 X!0 4 = J,l02. l56Xlo'°= ll.02IB6X|O 
fVec = (1. 02156 X| 0 ^ — 0.1102/56 /X Watts 


.-6 


13-13. The problem was solved, us’mfl. Compuler p^gram . 

>( = 6.047 
= 37-0 o* 
pK = 40.8 0»*i 

a. = 27.4 oi 

b, - 21.3 
&*(>/,= 31-7 f'wt 
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13-20 


13-21 


*. dm = y] Si A ^ & - V L*~t (din/z) 

-j_ 

From Fijwre. |3.i? 

Usinj cU->/T 

L - 75 A 4>o(*i - J4-5A C - 73 35A 

dm ~ l$o3A 

L -$oA =>dm =|iA =>«=50.36A 

1-2.2? A 

L = 3oA 4 dyw=7-4A «* 4=3o.$7A 

C( vn = ?• b4 A 

[ =ioA 4 dm - 7 6 A =^i=2o.56A 

cU= 7- 81 A 

|_=I5A 4cU = 6-7A ^1=15- 37 A 

olm = 6.7? A 

L =!0A =» cU = 5.6A =»4 = /0.J8A 

dm= 5.5$ A 

L=- 8 A 4 dr* = SA =* 1=8.38 A 

gI'vm « 5. of A 

L“ (S A ^.dvv,-4.i^ =*1= 6-36A 

dm - 4 37 A 

L = 4A =* dw=3 &A =^£=4.37A 

cl™ “ 3 6*1 A 

L = iA => dw =• -2. 5A ^^ = j. 3(5A 

dm = 2.6 6 A 

L = A =* d w\ - I ■? A ^X = l-38\ 

d m ^ 2-OSA 

L = o.bA dm — I ■ 5 A => Si = 0.7 A' 

dm. — j - 64 A 

L=I95",cU=I5*, 4=-2.875" 

Fcowi 13.-26 i Vl- X + fdm/i) 

A = 20 . 8 ?" 


The optimum gain u)ill occur Gdien # according t& 03-6*0) 

JiI\=!>dM=3ji\=t A=dm/^ = (15)70^.8?)] = 3.58?8"-?H8G~ 


f= c =J 3xio_ a ofH ?=3.^GrH? 


(S' 


^ A. = 5-432A , dyn = 

^.58?8* 3.58f8‘ 


A = 4.175-S A 


For these two L-and d* , from (Fig I3.-?7X 
Accord!^ to CI3- Sr’f b) a«d 03-5? c), £ = d^*A = |- 

U?)=(o.8 -i-713-t- 26 . 2 . s A - /'7. 7 ? ^ = ?.?d& 


Oc^ l?-5dB 


Usm^. -these., cOe can cowipule the dVect'iu'ity -fvo^ ( 13-5?^. 
= .22.363- 2 ? = l?.4gc(B 

^Wcl* agrees close^j twith the. v«lue. oktainecj ^-w, Fi^. 13 -27 


CCj'nfiioqe^J 
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13-21. CCoviPcl) f= 2 .$£rH 2 - -* j ^ *WCm - 4.TM4 * 

frowv |S--2 7 F^I3--*7 

= 4.1275: A, d«, = -^- A=^.^A,0c=l55-cl8 


4.7^44 

Usinj e^ucut'(0h5 

03-5?^ =* s= dyh 


Ob') 


. = O.J8 45’ / 7i" (UcxXsU^&s) 

8AA <SC 4. 7-244) 620-8?) 1 

ClS-Sfk) L.CS)~ To. 8 - 1-71 CSj t-2£. iSs*- = 2. 033 

C 13- B?) |0 ^ |ft [lT (3.10?;] *-. 2 . 033 - /?. ?7 8 -4.0 33 

D c = /<7. ?4dB 

f- BGH* S’ a = 30X10? _ £ Cw - .?. 3 6 .2.2 " 

Sxto? 

Using. Fig. (3.-27 

L = A ■= 6- 255 A, dm - r|^i A “ 6 ' 55A ' (fi'ow.F’j.Gj?) 

Using equations 


(13- 5?C) =*S=s ° 5> 


- 0. 5 6??S (U>audeyi<jti**) 


8 a 1 8O3622.X-2G.6f; 

03- 5? b) fo.6 — 171 5 17.7? s i] = 5. 0 5" <95 

(13-5?) ^ Dc - lo^egio t n-CC-35) ]*_ 5-0588 = -25. ??«- 5. <>588 ^-2o.<?4d6 

c - The Cu.t off fluency of the dominant TE„- mode- ° f <\ circular 
WaUe<ia(cle- is Cj'toev* kg, Cli-6^-) or 


If 0.1 = 


Thus 


C fc)|, = 


, cohere is the first ?ev"o of the. der'u/atiue 

zix&'Jac- 

of the Bessel function* of the. firsHeiwd of order 
one [ te . ) = ol , and. itis e^ucj. to Xif = l-84| 

IS4-I _ I- 84- 1 _ 1.64-1 c 


^ircd/i)^ TTd^e 

For d= 2 . 8 ns* - 7 . 3025"^ 


TT<* 


(fo)n * I-S4I (30X10^ = 2.4074 * 4-b'T 4 <=rHf 

nC 7 3o 25) 
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13-22. oU= VJlA =» = J- ( From (15-^b) * L cs--%)~xll<ie> ) 

From (. 13 - 5 ?)^ Pc = -^S=loioj lo C£) -- 2 .?| 4 lofic^ ( 0 (x)^^ 5 .S| 

^lo(£) X = -^ bSl C^) 4- - IO J i ' b| = 3b5.7<fb" 

C ^ jrdj^ _ ^ 355. ??5 - ,g g fi5 d»v, = l e 86 ^ /X 
A A- TT 

dm = t 8 -&aS* = 6 -ooX 

TT 

7\. - 3o x to ^ _ 2.7273 
II X lo? 

d-ft, = 6 A- = 6 ( 2 . 7273) = 16 3636<5m - £ 44* 

Sihce dm = >/iT^^ = y^= \ 3 2 . 7^7 ^ = H-<3847" 

^ L*- (d*/2) i ~ =■ J(Z>.'i2' 1 )K( l63 M/±y^ =3\.W8 0 v» =IX4T5 ,/ 

^ s *»' C T^) = tan" (*“££- ) * ,4.475*4 - -* •* 5 a 

U 4 .C3l-m8)/ r 

13-23. Oc cdB)~ ioio^, 0 [cop^^rra^)] =|oj(^, 0 (g)-LCs) 

Us) Cr (o. 8 -|.'71S +-2fi. i'5S x ~[n-71 S*) 


s = 


- dm 


8 Xl 


A 


30 * 1 °* _ -,. 

10 X (07 ^ ^ 


For Optivnam din?<£i»/i^ dm-ViTx. ^hus 


o _ A _ 3 

i> - *"— * • s 


81 X 


For S»f 



d m 


L(S) ^[0.8 -1-71(1) 17 . 7 ? d)'] 

-To .8 - 0.64US + -26 -25 (0.|4o6) - 17.77 (00 5-27)] 

L(S) 4: i.tflldB 

DcCde) =-20 = IOici lo (£)-->?, 2 

M.tu-wty.CV/j* , C74*»i<i“ T '-«s-*‘“ 

dm = V j^-b^ .x = 4.450ft A- 4.4508(3)- )3.354£ 

TT 

dm- 13.3546 Oi « 5.456? inc^s , 2^-313}° 

cU = V3iX^dm *3lX^J2 = d »V3^- (t3.jSJ6)y 3C3) ,a I1-8I6* 

7f c = sivF'(ii|lj= Si h' (0.3 3?;= /?.6?b° 
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13-24 - a . A« = f - 1 iT) •$ ■ d. = 75 = shvimA 

(f - 10G-H2 -> 7l=0.05«i) 

Ae w = 0.0053177(54 Yn x 

b. Pmoj, = Aev«‘Wi = (lx 10 6 watts/w ) 1 )-^°-00 53l7734)= 5.317^10 
p WM = 5-317764 *I0 ? Watts 

13-25 f = 10.3 <5Hz 4 A« = SoxcoVflO.gxio 1 ) - 2-V*6 O’ 

a. < c» < =* 0-7-2^ %< d< (. 4 S' 6 3 c* 

b. w< A °/|0 = 0 .2?l2ic'y n 

c. * $ W/10 = O.29I-26 /l0 - 0.0-2?/-26 fw 

13-26 a. Usina. +^e Fig.- P13.^6 

E-pla«e- 4-54-X , H~ plane : 5.iA 
t>. Using, the Fig. Pt3- 2 -6 

E -plane • 5-66 H-plawe :4.5\ 



(■) E-plane sectoral horn 



Fig. P 13 26 


Phase center location, as a function of flare angle, for E- and H-plane 
sectoral horns, (source Y. Y. Hu. "A Method of Determining Phase Centers and Its 
Applications to Electromagnetic Horns." Journal oi Franklin Institute, vol. 271, pp. 
31-39, January 1961) 
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14-1- 


By usmj -the effect'u/e dielectric Constant is equate 

£reff = [l+ \2- Cj^f) ] /i= 6 . 85 G 8 

Usin<j Cl 4 - 17) , -^- = 1.2 

120 TV 

V?^efr [lit 1373 1 0.667- Hn 0*2+1-444) 3 


UolT 

= 2.6185 C 3.241*2) =44 - 415 oUs 

lA-2. 6r*« = £^1 * Cl+ ,*( A)]** 4.86G7 

A-t fiou frequencies, the characteristic impedance cam be fow.nd ^ 

Usthi e$. 04-17), 'f -*r>l. 

^ |iOTT 

^ \J4.g667 ' t **5 + 1*373 + °..t>67 ®nf UD t 1.444)3 

= 170.887 /C3.G134-) -472?6oWs 


l/t‘3 a. Usirij (- 14~6 ), tine width of the patch iS 
W = -3°- ]-^— = 3.762 Cm 

i C|.6)1 16.3+1 


51 


AL - (0-137 ) C 0.412) 


(5 


.51 + 0 . 3 ) + o zi ^ ) = 0 054 *>tr Own 


L- 


(.7 51 -0 3 ) I 336 i_ + 0 . 8 ) 

0.127 

A - 2AL 5 ° r _^ r -2 Co.ob4b5) = i?3l C'wn 

* 20-6,) vf957 


i>. Using 04-1-*-) and ^'4 120 .) 

r _ _Ii_ T l= -2tcosOO+X^Cx) + , X- k 0 \N 

^4 120 K 1 - 1 * 

x= ^W- C 3 . 76 a.)Ko. 4 a^> ir ® 1 ' 52 ' 77 

I 1 = -2 t CoS Cl- 3277) +■ Cl- 3277) C |. 204348) 

= 0.5707^ 

<5i= o.57o75/f 120 -ir-*) = 4 -81916 xio Siemens 

Resonant input impedance, Rin = 2in = T$I = l 0S75xl ° S = Io37.5oU s 

Continued) 
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143 CWd) 

Direct numerical Calculation from Cl4-|2) results into 

^ * 

Q t = 4.819021 XIO -4 , R; n = = 1037-56 ohms 
C. Numerical Caflcuiation from C 14- 18 a) 

<3 1 2. = 3.92904 /(O' 4 

2 o. _ 1 _ — ~ _ . — 571-56 ohms 

d K[YX ~ 2 (4319 + 3.929 )Xio^ 

e - RfoCg^o)* R;„C^=o)CoS i C^yo) 

75- = 57Z-56 CoS^C-^jj ^o) 

= l-U97 0w to. 4408 inch) 

\U~U a. w = _3Q_ rrz ~ r? n 1 2 c <rn 
2Cl.6)v2.2+2. ~ 7 -*/2C'm 


~*/z 


6w = + & + '4 w) 1 ' = 21356 


2. ’ Z 

AL = (0.1575X0.412) 2.1356 + 0.3 


741 

7.4/2. 


. 51575 


+ 0-264 


2-1356 - 0.258 7412 p 

02575 0 8 


0.0 832 Cm 


u- -2 (a49 32)=6.2487Cw 

2016)^21356 

The Patch is a. realistic dimension for the roof of a personal car 

b. From 1 14-12), with numerical calculation 

Q { = I.57259XI0 3 , = = 317.9b ohms 

C. Usin^ (I4~l8a) , Qiz = 4-58053x16 

d- Rih = 2C<9,+<9u) = 20l 57259Xlo“ 3 + 4-58O53Xlo~4) ~ 246 - 23 ^ 

e. Rm Cj^o) = RinC^o). co^(^ 0 ) 

75= 

^0= 19615 0m Co-7722 inch) 


14r5. fo = IO^HH,er=IO-2 / h = o.o5in = 0.1270*1, =0.634 Cm 




9?2 


- 8075 • * L = . 

l ■ °- 4255c -’ 
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Resonant , I™ ( Yin ) “ 0 ^ 

- . a - ^ Y + ]Yc *tan^ 

Yw = Y ' + Yl . ukere lz- Y - Yt1 .. Yiten?t 

Y* = Y„ ■ Qi^C^ctanM) 

_ v w <=Ti + j (B,+ Yc tantft) CYc-Bita«^)+j^far»pi 

Ctin = it + Tc - 1 

(Yc-Bitan@l)+j Giian^ 

Gin [( Yc-B^JbjQ.ttu^l] = te l tjB l )[(r c -B l tan^J+j&tan^] 

"* Yc. [Git j CB|+ Yctan^t) ] 

Separating into real and imaginary parts. 

Gin ( Yc - B,tan(ll ) =G,(Yc-8>*nn^) - taw^l + Y: G, 

jC TJ N Q,jtao£i =j tB l CYc'B 1 tan^)+G^an^ + YcCB 1 +Yc.t&n^O] 


Rearranging the equation (4) 

Gin ( Yc - Btan(JjL) = 2 G, ( Yc ~ B.ianf 9 ) * Gin = G 2 . 

Substituting this results into (5) 

3Gftan (j! = 6,ac~^tan^)tG^n^JL+ YoCB.+ Yct-an^) 


u; 

c^; 

(3) 

(4) 
CSj 

ft; 


( *an££) r C T ?«- B, 1 - Yc"] = 2Yc 0, tan&H = B| [fJ) 

From Yin = Yt + Y z , anol We can see Gi = Gi , Since Re(.Yi)~G> 


Also, since imaginary part Yin =0 at resonance 

'Iin -Gin + J Bin , ImtYin) -0 , Bin-0. 

Bin = Bi + 8 a. = O , B1--B1 
•■• Yi = Gi -j B| 

Total inpat admittance is, Yin - Yi+ Yi= 
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147. 


?Ym 

r 

y ^Yry) 

L o- f~ 

L i 

u i i 

A J 
« : * 

* A 

r M L 

L ,j 


Yi “Ym || v II v-y^ 

Ffl. P 14 -7.1 

This circuit has teen "deKueol" hy Considering, the equivalent 
Circuit admittance for u symmetric 2 -port junction. 

r Yu Yia. ~] T v, I = r T 1 ^ 

Ly>, yFLvJ 


X, 

LXx-J 




Yu -Yu 


Yu 


YrTu 


For asymmetric voltage, -Node JCof the Fi^. PI4 71 Sees an open 
Circuit. Hence, the, neo circuit becomes 


VYm 


-* *— I — V — 0- 


-* *- 


I 

Yirsj 

-L. 


I Yi ~Ym 


£i ’ll 

For an antisymmetric voltage, node X sees a?ero voltage, 
a grounded circuit. Thus, the neta circuit becomes 




n 1 

— * — j — * *- 

i J Yr Y 

FTTi 



i 

y,> 
U 7 

J Um L 

X * 1 * «-J 

cLJt 

^Ym Yi4-Ym^ 

T 

Yin 

r 

T 


Yi+Ym 




* j, * * tS 


If we assume Bm to be inedible, since its effect should be 
to charge the resonant frequency Slightly , then 


R 


in 


CoS'CiriJc) 


Y=Y« 


2 (G( ± i^fn ) 

cohere, -t — °dd mode 
— =• even mode 
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14-8 


•Tin Tc, ^ 


L\ 




We. wish to find the impedance at resonance 
£=4.i-r4i, ^ ^ 

Fbr transmission fiine theory Yin = Yi + Y*. , 

where = Yc . 

(Yc cos^{.- 6 sm^Hi ) i-j Qsin (i«. 

Yi = Yc gKosgk+jCBCoSfrJL -i-Ycsin^i) 

CYcCo$£(L -BSin^jU) +-j$Sinp(L , 

(k=l>) 

At rssonavice, ±1 tc input impedance at an arlxtraq feed point", a. distance 
one end 0 j the microstrip element , fs pure reJL. By trcms^ln^^e do-t 

adnuHravice^ <*<■♦) 8| tt> the Cowmor\ pointed adding, thevn together*,, 

inpui" impedance- at resc nance is 'found as 

= aca,t4, 0 ro»‘ L f-f3.)+ 

From Example 14 2. W = il86c™, h= o. I58acv« y * Z c = -*6.0|46 -a_ , a=3c™ 
Usin^. (J4-Ii)arid 04-120.) £i = O.OOI57 siemens, Usinj.(l4-8W B,= 5-6)f(6 3 . 
.-. (a^+B^Vyc 4 = [o57*io--»; JL +cs.6XTt>-*; i J/|;,. 47<) ^ = 0 . 02 * 8 ? « * 
6i/y c = 5.Sxio'-y( 0.03844) - 014565 <4. 

Phif#-#.)* a Q6 n ± art) Gx^h) 

14'9. W = 6.634 Cm, L^O-AO??^/ h=: 0,|a7co», , "f— loGH? , 6r=/0.2. 

OL Usinj. C (4- U) and Ct4~l-i c O, C\y ~ 4-82 X 10 ^ Siemens 

which compares with G, { ~ 0 . 001 7tt?2 , 103730004. 


50 = 1037.30084- CoS A ( “cd 6 ) 

= /, 50 ~ 0 
t *037-30084 


~ 0 . Al?££- 


JLu - 


do - &$~ 1 (o.,2I75£) = 1-3474 


to-l'TS'? 
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1A-10. 


1V11. 


€r=2.Z, w<,= h- 0.15 75 C**, L =■ 0.?068 Cn ^ 


W° _ o.-a?g4 _ 


o. I5-7S 


= iet46 -v7 o = 0. 5278 


= i^i- + ii2_li.fi + |2 (0.5276)] ^ 1.6 + o.6[o.3£'f3~] 

_ l*o TT /^T.SilI 
-^- + /-3?3 t o. 667-in [J£ + 1 . 44 . 4 ] |.8f«+»-3f3 + o.(jtf7J2Mf?.33§0 

?c =J xn /(,.*„) = 

4.o?i7 

£6.264 = 152.44 6>s A (^ 0/ ) 

C»s i (x3..)=i|liii= 0.4478 

lb-2.44 

$0 = ^-Cos'(Vo44W)= (0.8377)= 0.2418 G* (0.0? 52 in) 

ohms 


2 . 

- 1.8216 

= I -20 IT /J 6 rei f 


>50 


- 

£0 


2 - 2 -t-l^ 22 -1 
UO-TT 


2 . 


r h ~1 ^ 


ifiw[»k + l3f3+ 0.667 in (i^+ 1-444)] 
Wo = 0 . 4.7 <53 o* • 


K = 0 . !?S8 (f-wi 


i 28 . 3 S 08 -«. 





i 5041 

• 

4 u 

- 




6-=.?. 2. 
w= J-186 C'w. 


W 0 = 0 . 47330*1 


y 0 =o.3l^6 c-w. 


^ L- 0.806 c-*. 
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14*12. Q. 75 ohms 

75 = 228.3 508 Co§ A (^ - ^ o ) ; CoS (a?06 3 s ) ~ja^8-350g 

A' & “ Co ^"' < * 5730?) = o.?60 5 , = 0.277 o™ 

Usln£ ( 14. *M^), cje Can find the Width of wurostrip fe e <J 4i.ne 
by 'itsratii/e wi€^io4 . 

UP • TT 

75 = ’^S[^ F8 + W3+»«7in(^ 68 + M*4)] 

" bimenskm of One: Width '. 0.2546 On 


t. 1 00 ohms 

100 = 228.3508 CoS Co A (^06 &>) =/ 

Jjo- 0^6 .CoS“'(0.C61757) = £J££-. (0.847636) = 0.2444 Cm 

We cm find the dimension of width W «f mcnstrif. feed tine 
b» itemtiue procedure as parted in «s pvoblem . 

UO-TT 

100= [^gl-t S? 3 1 0-667 ^(^88+10 444)11 > ^ ^ >i 


or / 100 = 


60 

ereff • 


• In [ 


W 


*L] * 4 : 

■4W J , 't 


W < A 


* £** = £r|i+ [ 1+ 13 Hit) 


Divy)ev»i(oV) of 

lAtft ; 0.14^85" 

Ow> 


K-13 Usiwj (14-31), 


<?r=2.2., L = 0.?06 ^ W= 1-186 


m=o n <j 

001 

002 
0 .0 3 

0 1 0 

0 I 1 

0 | 2 

0 ' 2 . o 


ir 

8.5Z698 -*d>3+ 

/ 7. 0540 
25.580? 

1 I. I 622 £H? ■»©»W 
14.0465 

2 0.3832 ? ..>@H4 

22 . &2 45 £ 


TMooi , -Rico , Ti*U , TMo«i, ■•• • 

14.047 QHt IJ.OUoQUi * 
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1 LAU. 


a. 


TM 


1 __3VA i 


Ex = j U)U£ dxdi- ) 


M _ 
n * - lx 



^ = J H > = §£* 

E * = ~j 5jfe"6jfr-«-p) A«, Ha- = o 

\ 

A* = [CrCbsfy x) + D.sin^x)]- [GQ>s(^) + I5,s'(n(^ y >)] x 
r ^-CosC^i ■£) + D 3 S'i/)^ ? «)] 

Boundary Condition 

At «=o andx=L, Hy=0 1 

7 f PMC Walls 
At ^ = 0 arjo|^=W/ Hy- 0 J 

At £-0 and ?=h, Ex=£y = 0 ) Pec walls 

Appl^ivij the. boundary conditions io the walls ie&ds to 

A * = Amnp Ces(^x)casc^y) CoSC^t-; 
and a y =^7 9g = -££• /M,p=o.i ( a.- 

^ u y \/ w , ^ ( >t^.Yi=p^Lo 

nuS e* fs(^r>S" (■£■*;> 

^ -j s ' m ^ 

E f ~- -jcfe-r-^r+f 1 ™ (¥<) as(^r) <«(-$*) 

H«= *»(.$■}) <°<%*) 

H, = M") S ’<»(¥*J> <*(&) 

B* = 0 

’• &-C = ^fiW^W^Er 

/ -£ /r \^"^l ^ 

>f L,>W>li, X^coeit mode will be TM| 0o c '”'^ Uvi 00 = -2L.£u& 

1 


J- (f) 


TM 

100 




23i 




C _ - _1_ u, - -L^V 

~ J U/ie dpt H? ~ ^ 5T 

= [c, CoS( p x z) + D| Si n ( (3x*) J [Ci Cos( y) + D A Si>i(^)][CiCos(£*i) i- DjSmffc*)] 


Boundary Con dit"(on 

At X = 0 and X=\V, H«=0 -» PMC Walls 

At ^-0 ftn d y = P> , £*=^t=-0 -* PEC walls 

A + 2=0 and £ = L, H* = 0 -> PMC Walls 

Applying the boundary Conditions to the walls -deads *"o 

A| ~ Amnp CoSC^v; CoSCQyj) CoS Cfci) 



C i'f- L >W>K / -dcwest inodei i*iill be TM^x 



232 



1A’16 The array factor of 2 elements of £ero phase difference ✓ 
placed alon^ the y- direction and Separated by Le, is 

(AF) Z = e 3 H 3 c*sV + e ~J % cesr 
= e j sines'in^ + e"J ^r 5 siwa s.\n0 

(AF) a = 2CoS(^ S(Wfl s iy ,^) 

1A17- ^ the two radiating edges Cy«o and x=L) 

(X=L) = E 0 t Hy(x=L) - o 
Fj CX =0 )--Fo, Hy^X-o) = o 
We haue Constant distribution of E* 
avid ?eno distribution a f H<j , • * 

Thus , on s(o-tlCx=L ) 

M, = -'Vij x [EgCx = L )&] ■= —ax x E>aj = £, , PI, =£« 

Ji = rh x [HyO=Udj] = o ,11=0 


Similarly,, on slot 2 , we bane 
M z = -»Lx £•&<?») = Eodj 
J» — o 

Since Mi anc / M* are parallel tt> -the PEC ground pjane, +Keir images 

below the plane are. identical! to those aboue the plane. . Xn addittovi. 

Mi and Ma. are Constant oner the apertures. Thus, remoidn^ the ground 
plane is e^ua£ -to double the. height ©f the slots. 

To find "the radiated field by the tu>o slots, -first integrate 

over slot 1 , and then Use array factor to Combine the Contribution 
from both slots. 
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14 - 17 . (Coni' d) 

ihen L e = JJ <*«<&■.* ^ r ' C9S Vjs' 

r W - L 

= He Cose <sin*rj s j + « / cos6 / ) 

Le = hwe* fft S6 sin# . j 


^ W 

^ -37 'Siwfl sin/ , £ = kVjCose 




j j / ' 

= E> Q>spr f * f h e j*«(^sin6an/s ■ 

U 

= ftWF* Cfosjy-g ^T . • steXj 


ti>US Et, ^ -1 

4-irr 


‘j ^<L 0 r^°) 


r ' r / 

E^ ^ -j Ufofco 0~J^° r fros^j v £!2!_l . '§12L? J 


-H.n r 

Eg +j ?yl shi * J 


1>. The array -factor of 2 etevnewts of Zero phase, difference , 
placed alovij the. X-ctirectio-n qmc\ Ifej>ertded by Le t ,'.s 

CAT)* = + ©i^r^r 

- ^ j ^^-si»?eco5^ 

c (A^- ■* tosC^am&s/i) , 

Finaif^. , -Hie field radiated by both Slots ts E* = £ • fA T)a. 
thd- is ^ 4^U e i ir 

Ey = j WgO e^ r f<bS6 s'erip Si * X . . -5ijl£ , CoS y^] 

X = ^issinefoS/ 

Y - ‘^cmQ v^nr^s 
£ — 'tah Co sb 
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14'18. At t^e tioo radiating ecUes C 2-0 2 -Z=-l) ^ 

E^.(?=l)=E 0 , Hx(z = U=o 
E^(^o) = ~e 0j HxCz=o)=o 
a. Thus, on slot 1 (z = l) 

Ml = -n,x [Ej(i=Odp - -a}/E.^EoOx 
Ji =■ 0 

similarly , on slot 2 , u)e kwe 
Mi = E 0 a* 

Ja = o 

rr jfc,r'fosy d | s '_ 

L e = Jj Mx coiecos^f e 



+ X. 


= E> OSS Co£0 r- fg ( r ' f0S *' ) c(g.clx 
J_K 

= E. Cosfl Cos/ f S f v '" 6 ^ + 3' si ”^ i "0 j ^ d* 

J -* '-h 

w 

L 6 = w W Eo [cesft CospS s ' mx SlY,r J X =• COS 0; Y=fco>lSi n&sin/ 

Ljtf = ^-Mr5ta0 - hWFo^in0.^M.’%l^X ] 

Thus e a ' ^ +; ^ 1 

Epr £ A w Eo 0j ^ o,r [^Cosd cospf -€i21*.. j 

b. 0 F ^ = e j ^0>sr + e -S 4- e ^ 

- 2 cos C ~ -cose) 


c . Finally , *be Field radiated by both slots is E*= g'fApJL 
Eo = j e>** r [siw • ] • Co s ( M 5 ' “SB) 

Eff- j ej^ r [ COvSe .cbsj 2 f . $i^Y j cesC^’CMg) 

X Ti 4pj/ GsS^ 

Y= 4 0 h • vSinG -smj8 
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1Z+-19. w- 1186c™. L = 0-906 0V«, hs o.i588c~v, 

6r = 2 2, f^lOQHz- 

6*. *jti, i|zi (l+la im 

EffR(i “ L ' = L+24L = X - ,,2^ - '-068 c 

Ao - ^ = - 73 - - 3 c^ 

Q e - 2 C 0 S 1 /7.oZ Ao* ~ 2Co$ C0.4649)-Z(l.OS7-2)= 2. l'7ASr a J=IZU.5f° 
V4(3& +**■)&*• 

Oh ,2 &s -y=rzr * Wir^i S) = 1 «'“■ 47M17) 

= .2 < I- 0787)= 2.1578^34 = 123.63-26° 

A . 0 o = -4£— = = 2.6782 = 4-27^ clB 

(2.17+5X2.1576) 

b. Do = - 2 f^ 1 = — -r 2.3638 = 3.736dB 

®e + ®h C2.i745)%-(2.1578) > - 


14-20. 



3.72704 xto~ 4 _ Q 
4 .8l9o2| x lO* 


6153, Dac = 


AF j. - 1 + 0.8153 


= 1-101746 


Using (14-53) and CI4~S3a) 

I, = 0.57074 

D 0= ( *"' 3-962 .)* ( i_j = (132768^0-752) = 3.0885= 4.897 dB 

^ 18.75- J 0-57 074 

Da = Do' Daf =(3.088S)(MOI746) = 3-4027 = 5 32d8 


Using Cl4-55a) , I z = 1.62558 
Finally using. (14-55) 

Di = = ((i.32768) ;i (Vi 62568)) =3.4066 - £-32c|B 


14-21 g.j = 0 . 2 , l2678 , d w = ^ - isvmse 


Usirw ( 14 - 53 ) and C I 4 * 53 a) , l t = 1 - 8625 , 

v r\ / -% tt rr A 


D ” = TTsH? " 3 - 3123 = 5 20 d8 


•' Da-D„ Daf =(8.3I23)(1. 5488486)= 5.30 = 7. 1 40 


Using. (14-55 a) , Ia = 
Finally Using CK-S?) 

fc* (3?F£*< 


6-4152 

2vLn.m 1 )\ i - r 

le vs- / 6 4l5"i- 


= 3.0211 - 4 . 8016 dB 
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14-22. Usmj the e^mValence principle -Hie cavity <2in be modeled 
as a. circular £oop antenna °f radius Ge u)itb a, magnetic 
current of 
Im - 0,fs ZVotos#' 
tohere, at ft'—O, Vo — WE« J"i CkO*) 

£ «”'j 

^ " + i^Tt L 6 ~l^) butN6=N^ = o 

. Our tqs'le then is to find L/g and Lfi 


U = ^ M*G>s& smC0-f')e)* r ' o>sl/ 'ds' 



dl' - Aefy 


cohere r'Cosip = (>'£1*6 Gb&tp-pO « ae-.smfl . a>scp-*rO 

(J /= = de te cause ti\e Current' source exist r o>iiy de.. 

and d$'= ^'cty'dp'a aed#' 

U = | ff M(^CoS0•Smf^-^V^ ,^ ' ae ^' ,le<:OS^ ' e, * 

~ p\v o ac 0 S^'C0S6 swC0'0') 

( air jXCosC®-®') . , 

“ -2Vo-a-C0S6 Cos#'- sin (£-«')£ dp 

Jo r r . zM'P) 

cohere a»s*in6, use Cosp'= ( s\y\(f-jp f )~ ^ 

substituting ,iTt 


L& = 2 Vo -ae-CoSG 


. y.a, o, S 6 ^ e i^). e -ww] 

J2.J )t> 

g+jX^ii')^/ 

= v. a« Cos6 p r j- e j<s_ e jW-«) + ] e-> x toscis -00 d#' 


(Continued ) 


297 



<s> 


© 


14-22 (CoyM) 

L g = ~ ^Q< Cose r f^ggiXCaStg-yQ^ , r iIT e i^ / -j(2! ^'XCeSQI-*'.^ 

Jo J° ^ 

§ 

+ f^V^e J0 e ix ^^" 0O d0^pV^e«> x 

® e-> * s e jl * aJT-J.OO 

© J a V J0 e J * XftSW ~* /Jl . e ;jB/ o!?'= e'^V'' 09 ' * V XCOvJ <-<*-?'> d(s' 

-■^f e JX< “ Uj “ ■ <* *I--J^> 

= e* fV w>u e jXM «da = e' i,5 ['^r J n 6 o] n __= 

- -2ire° ,0 c-i) A J a O0 = -sire 0 ^ JiOO 
® fV“V* e J x J «'= e ,(5 p , e J2<l,_00 e J if ’~‘ ! ' ) <i0' 

= -e^l^'^ugjxcsujy^ eO*| t i V"e jVaj “d« = e ie ’('^ 1 J,^ 


'J»-o 

- _ e 'J^2TT- TaCX) 

'^e^gix ww-erg^ _ xdf* 
0 


® = e i0 2ir. J 0 Cx) 


Le = Ve [ ^rrj 0 cx) +2ire i ^0ICX) -2ir ^*£00 -2 "e^Jo Or) ] 

= ^VoQeCbse r j oC )0(e^- P 0 ) +Tz(x)(e^- &*')] 

■*] L 

Lq = 2irV a g e G)S6 [j a or)tLOrt] =2ir^g e ^&sin0[:joOOi- J.Cx)] 

a J 

.-. ~ jk— r v o a e Q>s0^'tr)^ [Xc^ae-sme)-h31^a £ ^n6)J 


(Coyitinued ) 
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14-2 2 ccut'd) 

U = (>ae C psp' CbStp-0') e ; * Q<? S,,r>Q ( ° S(,S ~ 0 ^d0 / 

- ^ y L g c r y «: &* ' e> (g ' g9 <- e Jcg ~ g9 ^cos^-ero^' 

* © © 

- V 6 Qe|p T ^ e jXCoS»'0O dct / + | a ‘‘S^Ves ' 

® f;>e^^'W= zw^JoCX) 

© ^ e -j/ J 0 ^c) 

® j' i Ve^ ef e J ' x &5C ^°d0 '= --2TT e J0 J A CX) 

© -zire^LCX) 

= ^Qe pJ.Cx) e J> +2ir-JoW ei^irliOOe^-aTrl^e J * 

L^ = 2irV«Qe l ToCX) -1*00 ] 

.*. E e ci ~). <ke ~ J — zn Ye a e asp U JoOO - T*Cx )] 

A it r 

E e - -j*. £p y e a e Cos^ C JoC tasme) - T^Cfcasiwe)! 

TKe E* and Ep Cornpoyweivts °f 'the far -field areyuen as 

Ee ~ -j ^ ^ e ~ J ^ I COS0 Joi ] 

2 r 

Hgf ^ ] h. ^ p jj r ^coses'mj2( J 0i ^ 


Jo/ = JoCtae-Sine) - TirtOeSinfl) 
T 02 . — Jo(&&eSlO&) + Xl£ ‘fc^eS'lWfl) 
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1^23. Ai ' Bump Tm ?)[AaG>SCv»»j2)-t-6 at S , in(trij2(;'Jc©srk 1 *?'i 
Boundary Condition, ' 

H* (£"<*■> 0 $^^ TT,0^e^ h).= o 

Hf Co$p^&, $ = o ,«r / = ir, o^e^K) = o 

Hpf 0 =O) ' 8 nnj 3 •J l y,^f)[-^ i sin(r> 10 )»yi + wB 2 c« 5 ^)] Cosh* 

••• B a =0, 

HfCig* ¥j ■y 1 n c^)[-AiSmcm0) Vkosii? =o. niir=si*r'fo) =y? 

1 . 2 , $, 4 . • ■ 

Hpr^=a)=-i^r= -^ B^p Tn^ [ A* Cos^/sr;] C 0 ^*; = o 
Xtnf h, CO = 0 h= ^"/(K 

_ V ) l 

nwi +li e Boundary CondHion (off* <\, OSp^lT, €=o) = Epfo^v<a,o<:^ir,?ri,) 

J =o . 

(°S(S& t o(/r$ir,i*oy - E^fc-s ^a, jz^ 7 r, *=h) -<> 

.-. Hi = I, 2 , 3 , 4 " » > n = «,i, 3 ,+T - ,p= 0 i I > *-, *. 4 - - • 

Therefore the resonant- frequencies far &e TM**|> rnocies Ca.n be. 

2Trfr = COryf/i L6 = &. = V (V 4 (?J A £* - ? r z 


2 Trfr = U)ryf/X 6 =^ r = V (^4 ^ “ P r , ^ ) 

P~ °> I) $ j ■ ■ * 

lV 24 . The solution to this problem is identic^/ to that of pr*We™ / 4 -^ 
&Wi exceptions m . 

™* ^SiifCoJap, ^=1,2, 3,4 , * = 2,4,C . 


“ 2 in/y 7 r JJ^£rj ■*■ ( ^ 


'"I* 2 , 4 , 6 , 5 , • • • 

* - l»2, 3, . . . 

P“°>», 2 , 3 • ' 
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1^-25. Witk.ui Cons', -tine fi.J p«i< We can USe Can ih 

T|ie Sotutiovi +o this problem is idem tifc^ to 'that' of Problevn 14 -23 

exceptions df m > TM 

He f Tm Ck ( 0 [-^ Sino^o] c&sht^o, 

-•• yn0= s'cn'^o) = ^n- 

■'* ^ , | = l ' :i > 3 ‘ A > 5 ‘' " 
f r = iFp " *= H. , #= | ,J, 3 , --• 

71 = » > - 2 , 3 , • • • 

P-o, l, a, J, • • 

I ^"2 6- If we use the Cauity model, A? Can be cori-tf-en as 

Ai = [A.J^fO+B, Ym(fc^)jrCCoS)Hj2( + C! I ^intt/d[(^Co t s4^3 

Appl/i«ij the boundary Condition deads to 

I ^ A 3 . 

H*( ?=<\, o«y< 2 ir ( o^^h)=> 2 3 p 

= -jh [A| Jmlk f a) t B, Yn^S-)] [G.&SYvijy+Da'S'invn^'J [c.s Cos kit J = 0 
H*(rb, o^pr^iir, 6-s^^h) 

= -If [A| J^b) + Bi Ym'(+f b)] [QCbswy + k$im*y3 J r Ci (i>sk* *] = 6 . 

E* C <^P«b. Oipf^iir, e*o,ancU=h) = o. 

, i -i- 

J toJlG ^ ^ 


k = -^ L / p=o, I, a, •-• • 



[A,l 


1 

o 

J 

1 

CO 
J 


r — 

l 


••• j/c ^ &) y* df y - j*u f t) r^V) =o 


rimV^a) Ymrttfftj 

l.TVa r b) Vm'ttfb) 

“To fi^d the resohav»t fre^e^nc^ for TM^ 7noc|e f ^Mst solve 
ihe. ft>llocoin^ e^ualio^ . 

3 Wc^f( a ) Ywf (It? t) ~ Yv* “ o 

must Satisfy tV|e diaracf Cri^t |c * e^uc^iova . 
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14-27 The Solution to t h«s p^Wew) is iiientifiJ to that of fable** 
C6*iVh ^ollou)(vi^ cxce r tio»s, 

[Ci Cosiz?] . 

Ez ^ = 6 ) = [a, J m cfy) + B, Y* (+, p)] [ Cid) + Di(o)] G Coi>U ? = 0 . 

^ •* C2—O 

E^^.) s -,*icL[A.T»CV>tB l Yi.c* f e)][D i ^(^)]Q&sVf = o 

^ sinc , »i i 0o) = 0 

, Mj 2 f 0 « SlvT'Co) = <f* =} 0 * = 1,3, 3,4-, • *• ’ 


JfcHfA) T*'(*f b) - Iw'^b) YmV^ya) = 0 


14-28. The desijneJl Center fre^encj, 4 l 6GrH2 

the dielectric. Constant of the substrate T I0-- 2 - 6i e , RT/durold) 
^ = 0.127 Cw 


Usin^. (14-69 <\) 


F- g7 r 9/ - = 1.7203555 
1.6 m2. 


Therefore usinj (14-69) 

F 


a - 


/. 7203555 


[ |+^[£n(!j£)+ 1^726] } Vi {I + 0.0222555^ 1101525 ^ 
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14-29 


fr = I e, = 2 . 2 , 1=0.15 tsc™ 


Usi^j Cl4 -69 a) 


F = - 3.7 op 


i - 6 -{TTz 

There-fome usin^ CI4.-69) 

3.7 o? 


a ~ 


[ I + (o. 0Ui)[tn(36.m) +1.7726] } 


^ = Cy^ 


14 30. l^esiredl fre^uenc^ -* "A-- 3 t* - G. 333 ^ 

£r-l 0 . 2 , h = 0.127^ : T^iie 

& . Re son ani f re |.u.evi cy •, 

From e<|uwKoyi CI4-£3a) , Cfy) A +Cta)*-= (l? ke =^r) 

.-. T^l*io * Cvn=i,n=i, p*o), 

(y^vun/o^^) = (j)rJ*-£ ^(^fvnno) 

- . .1- /■ \ r _ -L— / 3.0542 \ 

V*\v>o — -2 ui/yle'- a. / ; T-zio -Z-Try^f,,- i|£r v. <\ J 

b. ifejW- . a= = sfiT^ = 0 057 w 

a= 5-7 Or* 

c - 

% - + -> !s |srCU- 1 ; we) , • 

Using. -tloe ecju.'11/oie^t principle the caoi+y Caw ke wiodeieU «-S 
circuJar loop antenna of n^dius a to'iH m^net/c. c curve ytftr ji*- <je*ierJ 
1,-aV.Cos^O 

Similar pvMedu^ H&e. problem 14 -.22, as 

U » [f s IV cas-Sin^-w e’ l ” r ' c ° s *'ds ' *. x= (, aSi „ 6 

= iVoftfoSe f CoS n0 / .Sir)(^-xr'}e’ jX ’^^ ^ 

6 (Contii?ueoO 
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^rol) Le -^ V ‘ Co S 0 e'^-*' } ) e ]XC6 **$ 

= VoCo^ p[^ g -^ Q i»«-j^-»'; + 

gjXcoscp-jndgj' 

=j VofcS6^ fcjCwi-i>0^ e JK> . g 


a j 5 

w #i . . e i««^-;, + 


d> 


(3) 


•o (^y — 

a, e ;* p’ 6 ift»-o»: e iX “ sc cte' = e i^ V ,w -‘V xow, - , & 

=>* [ ^ J £l ^00 

@ ei^l^gjdn+Otir/ejXCoSCjy-cf^^ e +jm^ f^(.t»«)te!'-0) ^xcoscp'-eo^p, 

_ e JlV. _£!__ . T fy\ ■■ 
j-cm+i) vJiwti^Ay 

* r*J /^T 

CD e^j gi^ + 0^ e jXCoS(Cf-^ d ^/ = fi -jW j e i Cm+OCer- 0 'j / 

!uu> i^/ « TT 


-jwcr air t rv . 
' :-(i*ho Jm+i 


•/ 


iT ,j1U e j 


« 0 

$ r e “i -r; dpf / = e -jmA 

- ^ -r r \ j-n f 

j"(»-<) ‘ J w-1 U J # used TmCV)- iir) t 

,. >* CD'-^nJ-'^jr'Jn-Of) + e^ar'j^Of) 

-^.U)VJ„M] 

= -jm«V;CoS 0 [ sinm/tp* J„.,Cx) +Smm/Cj) w J„ TI 0 ()] 

£ _. + ^ ^ ei^ r £ - j an - Va 0 S' n ( 3vw-|0' ) + JvntiC^ )j] 

= (*)""• [ Y « O' c ‘- 6 sin m / c Tm 0) + Ji» +1 00 )_] 

Ljg = *v.a r &W '. Cost t-ry e > , 

( Gvjtinuexl ) 
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14-30 font ’d) 

Lps = 2 Vo a Cosmgf'- Cosc^-^e C ° SC ^'^d^ 

X = ^asine 


/ 


Ljb • jj[ e i "' , ; e -i’” >, 'j [ e iw -‘ , ' , + e -K«-*'> ] e ix c ° si e-«'>d0' 

» «,» H e J< * H> *e > + e i( ” +,w ' e ^ + ] 

2 1* © ^ ® 
x e oXCoSC0-(J'j df[/ 

(5 ■ p e J>. e ic»» -o>tf ^ e ix<a>s C^-izr 0 d ^ / a e J^j^ljC^xcf^j e ^ CoS ^-^%' 

iU«) 


® f>e 


^djzf/ 




vJ 

e i kc„ 5 < « -„') da - . e -j»f<^' e ie»' M ' < -f -* 0 e jX&seja 

- SlW. ^ — - T ry\ 

~~ ^ ;-CWI-H) Jyyii-I 

VI 

p^giO^yXttSCp-*'^',- e 0 ^ pe^+lXpr'-^r; e jXco*r*'-gOj 0/ 
Jo '0 

i iV 2 Tf „ 


.. pjM# 31r - • *r /- V \ 
~ j-(m-H) Jm+it-X; 

-t»ix 2TT 


— T r*\ 


- VoaTT [2Co?w^Cj) w (-j)J BlH (x)+2Co5M^(i)^fj) J m+| ( X )] 

■' Lp= 2lTVoaCoSim^[(-i)(j) rn ] [ J*_, Cx) - Jn.^CX)] 


C Continued ) 
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SOCCovitcl) ' Assittnlar pYbceclu/e- 

Ij? = ^TVoa-C-jKjr- Ccsnjz [ J^CXj-JynnO)] , 

••• £e = -j^-fiFF — ( J Ho. CcSyn f £ ^-00 . 

- [ Y«-a- co$ nf . £ J^(y) - J^ qo) ] 

For w = 2, “Hif* jnr fieri '<* (<r X = / l?aSin& .) 

Efl= • J ^ !: [VcaCo§^aiW-l3CX))] 

= - jL e ^Z[ V 0 a coS6 Simp (■ JiOf)+ I 3 OO)] 

cl. 

E and H Plane Field Pattern of Circular Patch (TM210 mode) 



% P|4 ' 30 CCo.tinwd) 
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lA"30.CConta) normalised asi*n u +liai Cx-y pkwe) amplitude. po#e«i WB) 
e - u =IEk| A + lEe\ a ' / | At 0 = ^ o . UoC (Co$ 20) 1 At 6Mo* . 

Jl 90 

Direct *olty T^O wode 

Dt>= t)e - + Off 

D e = 4TU<tWft< . . = 4.373*? 

^R'Ud)e'*- CPrad)^ 


_ 4JT UfiiniAx 
CPmd)ft tCPrad V 


= 1-4866 


D 0 =D6 + D^= 4-373?+ I' 4866 = 5.8605- ; 
D 0 = 76d(3 


14-31. a. (f r ) 3l „ = c ‘ * c ‘ 3 *'° V 



F15. P-l4-30e 


b. g= 4 . 201 ^ -C = . 4-^ . -j=r~ a 0.06?8m = g.^ec^, 
JIT ffr)j, 4 **-3 Vio.i 

c. far- £©Yie field . f>»r* CO \v\ problem 14-30 

Ee = ej)**£ [v.- a- cossp • ( JkOO- J 4 0<))] , X= 4?asin© 

=. : [ \i 0 a cos3cs C Ji (Ks'ihs) - XvfWiwe)) J 

J a.r- 

= -j jt£l^L [v 0 a sin30. cose ■ t \Ckasm) + 


d. Sec the Pl4~3l 

0. See ^ 

f • Po D 0 ** 

D 0 - 5?$/48 
D* - i- m 


Do= 7 :ofi - 8.5 dB 



CCont'lued) 


270 


Py. PI4-3le 


1431 C Cant’d] 


E and H Plane Field Pattern of Circular Patch (TM310 mode) 



14-32. a. tmV 

( l \ — 5-3175 c ^c=3xio 8 vyi) 

\J1-j440 -iTra>[ 6 r 

b. (X- __- 5-3l75 — - q qQS3 w . 8.83 Cm 

-2TT 3 fioa 


C. Eq = ~(i-) 4 [v o a-Co$4^ ( 3'3C / kQsin0)-l5^ a ' s ' |t, e^3 
(^d) 4 =l) 

=U)* 1^4- [Vod Cose Sivi4/ ( j 3 (toe)+ Js^^sme))] 
C^^j) 4 1) (CWtinue4] 


308 


1 {->~32. CCont’d) 

d' E and H Plane Field Pattern of Circular Patch (TM410 mode) 



i. Do » 7o?i<? + 0.853 = 7-?4S 

= ‘IdB 

14-33 • f ~ I0QH?, =♦ A=3C'vr) , d=o.l c™ 
fr= .2 b= 0. 1575 Com 

J * p _J ^* an ('/£T'kh) 

htotfiz *g- • 0 . i$7r) 180 

« j -*54. 1 6 7f 0.53 245) = JI3S.33 

from K R Gxrver & T.W 
Microstrip Avrtennt* *technoiog 



IEEE Trahs.AP Vo I pp*-^ . I ?8 1 


270 

F<^ % Pl4-3^ e 
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14~34 ^ Impedance transformer , Z 0 = 5 o ohmj , €t~ 2.2 

R L - 100 ohms , 

Zi =/z^R T . 2 i« a/soToo = 707106 



~>_A 


£>=So 


Ri.=ioo-n. 
: Wo = o. 48 ?l ovn 

Wi =■ o .- 2.8 owi 


14 - 35 . two Section binomial Transformer. 
Usino. C^- 36 ) 

N. .. 

" n _ 2 ' 


Rl+?o CN-^)» 

■for N~ ^ , Rl = I00, H 0 = 50 , 

^ 2 1 1 

n=o; p 0 = 2 2 3 -^oT = T2 

0 -i i 2) _ _L 

— J • ^=f ; . , v , . . . — c- 


Rc- 2 o 100-50 _ 


Rl + 2 , 


100 + So 


r\=l] pi =2 • 3 (i / ; ( 1 1 j 

|L A . - l z£ I ?o \ 

f’-ra - hTTK* 


Zi = M82- -fo = 5<? -°l’ 


pi=i=li-l|i=> . Z 2 = I 3?? 2« = S2.73 

2 j.+ ci 

looj^ 

Wi h 7 


Zo - 50 -fl. J g.=gy-ay T ===|I 


' - {? 2.73 

Wo = 0- 48?|Ovv, Wi» 0. < 2o < ?lC''~ 

Wi = o .379oc'~ 

1436 . Usm^ ( 9 ' 43 ) wd -^5) , we obt<cio 

p_ g->N© Zl~2q Tn (secQ w Cose) 

Tt\(.SecB*n) 

T^CSecbm Z CS^cB^ CoSB)^- 1 = 2 SeC^M 1 + C °S^6) ~l 


(^Gnflwued J 
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OJh 




lA"36(tontU) Let the maximum tolerable value o|p t c fW- 0 . 05 ; 

e '' = 0 os ' Tn “"H"-* i ^ = s 67 

n=i 

TaCSecGfh) - -iSec^rti ~l~ 6-67 

and hence Secern and 0* * i.04 rad . 


.2^0 CoSifi + = PwTi(SecS m fosfi) =. CoS^ (sec^^-L) 

j-o = i foi Se^Grn = 0.Cf6 
ft = Pm fo’c-'e*, -1) = 0.142 


Thus, the Impedance 2, ano ( 2* are j'Uen \y 



l j~ 0 . O ff 

/ -o.o ?6 ^ l % 2 ) £ d = (Sc. ? 



L+Q J 4* , z s , K2 

1 - 0 . 142 . r ° 


2 o — 01 


By applying -the iterative procedure Jn Cl 4 - I'fJ 
(ae Can ^ind tbe appropriate \jcdv-e~ «f (ScAth . 


Z| r 6o • S =* Wi - 0 . 36? I Om 
ZS = 91-0 =£ Wi — o.u| 8 | a* 
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Array Factor 

_ c j- e JieScosii' 1 _ e -jkSfo S ^] 
(Jyi far-0-one : f\ ~ Vir f , ) 

A F = a] sinews cozy) 



<■ co? \p = axis • a>- 


N 

15 "Z. a. Tor all -three Corner reflectors 

(<* = 6o°> 45!3°°), -the geometrical Go ordinate 

syst*w\ shoiOh m the adjacent f<jure cojll be used. r « ^ ^ * 

The sources* coilt be numbered s*> tfo<dr the feed ^^******^^ 

Coill be 41- The iniaj^s toil! be des^hataJ as #•*>■&£,••• 

£ [>) a Cbunter cjocfo toae rotation ) as show in Figure 15.4cb) f°r the 
ft 0 corner reflector. 
o( — 6o° 

Usi^ +he source arrangement of Figure. |5.3cb) 

E(r, &,?)=■( ^ ^ 

for the wtain source (*H) a.rci the^fiue images . F&r far-f ieM ols>5erVa.tiov}s 


fir phase. terwts 

r, ~ r - s' Cos cp ( -= f - s Co* • a* ) — r- s ■s'wq cespt 

r a ol r-s r-sr (o-^a< +0.866 ajtj ) -at-]- ^-S(o.$smea^+o.866siv)ssv*^ 

r 3 ~r-s rbs^i= r-s[C- 0 . 5 0^-1-0.8660^) -a V-S(-O.^sivi 0 fbi/r + a 866 Sl»e^^) 
r 4 i r~sCos(p 4 =r-sC-af ar ) = r+ss'ne»s^ 

r s ± r-s foiips = V-s Cr- fl -5a< -<5.866a^> <lrl] '' r +S(o.5sir>6Ces^ + o.866^i'»6^i»’^ 
n ^r-SCoi(^= r-s[(o.5<^-0-86€ Ou > 4r J ~ *>SC~e.5Stvie Casp-t- 0 . 866SiVl0Si *0 ) 
cohere Or - & sM 0>sj* + <£j anfisioipc + a? 0>s B 


( CoYitinuec^ 
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15-2 (Cont>d) 

ro r amplitude terms' 

^ -r z ~r3 ^r4 ^5 ^ rv c=r 

+bese Substitutions anci c&miinltuj. terms ffirst Qitb ^rtW, 

Second tai+b ;ff*b , and third. wiib Si/rt+0, uoe can urlte tV>a£ 

-* -|tr 

E - f(a • ?) ~- -2 [ sirukssineco^p) -sin rksfo-fesine Cosj* + 6.866 sine ) 3 
-t-sin rfesOossinfl 0x0 + 0.866 s<Y)6S\vi/) 1 "f 
Usim^ the identities of 

sincxiy) = o»»f cosy ± CoSXvShi^ reduces th« field "to 
^ = Z ( ^n(fe«ine Ccsp) - 2 &n (^sinews?) cbs($ksine^i^) j- 

where E o = fC6,*0 ^r- r 

Utiliei^ -the identity of Sin .2* = -?S in y&sx 

We cayi write in the fina.1 form that - 
•Jf “ 4Sin C^slmd co sfg) [ Cos (i-S-bi&Coijzf)- CosC § ks 


od= 4 S° 

Usinj the source arrangement of Ft jure, IS.Z(c) 

p- / €&?> . Iltif €).*** , e»* u , . e^ 6 , e j* r * +. ei fer 8 \ _r ^ 

c L n + ra. + rT r r^~ tS~ + ^r)3^>f s ) 

R>r far -field observations 
For phase ter**iS 

ri ^r-s cosip, -r-s ca* • dr ) = r- ssi« e &sp 
k =r-scos^= r-sf^(ai + ^).a'rl = r-^CsmecDs^ 1 -'Siw6-s'i'»'0j 


^3 = r ~ s Cos (fi = r-s f fij <C r ) = r-s sine silver 

4 = i‘- 5 te 3^4 = r-sC^(--a^+a^>d' r f ~ r + ^ 5 ‘* ecw P -s ™ fl f'V) 

r s = r-5 fas ip 5 = r-s (-&'*; = r-frs sine Cosjg 

r > 5 ~r-s cas - r~s[ r^t-oGr — J • Qr J = r +^(sine cosp +sine sinpj 

frr= ^~ s fosfr - r-s (~Sjj •d\r) = r+s sine simp 

r ® = *" _s &s = r ~ s [ • flr J - r~ ^Qsine cos 0 -sin© simp ) 


For amplitude -terms 


r. ~r=L ~ r 5 ~ ~r 5 r±r 6 ^ r n ir 

Ma-kinj "these substitutions end Combining terms ("first with fifths 
Second With sixth, third with Seventh, fourth with <$'<jhth), ue Can write. 

(Contihueel ) 
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15-2 CCo nttf) 

-p- - 2 [ Cos cfesinSos#) + coscis she s>n/r ; -icos($£ sinecosjzs^^^sinfia^ 
where Eo^fCO^pj 
^- 30 ° 

lie procedure for this reflector follow -dose of the others . 

Usir^ “ti\e geometry ®f Figure (5-360 


/ ei* r ' . gj^rj . gi^rj ^ ef ^4 , e^lj + el 1 ^ 

n r>- p 3 n 4 _ P 5 ns 


-t- 4 - ei fef g 


+ 



e)* r '» 

He 


t 


Gl 


*r« 


n, 


Ox 




FSr far fieri oksm&t ion 4 
For phase terms 

n = r-sGt>sipi =r-scaiar)=r-ssineQ>s^ 


r*= r-s c asif > 2 = r-s rl(«&+aj )•&] =• r-Kestoe cos? +®ne sm*) 

r 3 =■ r-scos Ip3 = r-s [ 1 C d* + fT^) • a r ] ~ r- f (sine a# + § 5infl ship) 

r 4 = r-scos(^ 4 = r-s[ ay dr] - r-s sine si 'n# 

r s = r-scosi^ = r-s[if-al+^aj) -aVJ-r- S^-sine cbsjz+ifJsinesVng) 

rs ~ r - S(as ^e= r-s r-K-vssinecos^+sinesivi^) 

P7 ~ P“ SCaslffr = r-S {-aVar) = T+&s\nQCb*ft 

Te - r-s = r-s[±HJa* J-cfr] = r+^(yf^slne(os)2r-tsir)Ss f i^) 

r<j = r-s cos r-sfi^oGt r ^( si^cos# -f (? <sta 6 s'm#) 

fio = r-s = T'SC-a*) • dr)zzv -fS(Y )0 s'rnjz 

r »i " r - scbsif/ii = r^sfiCai-fTa^ ar^^rtf^siwe^bs^-^^^vjfr staff) 
Ti*-- NSCoSfti- r-S [£( ~dy)-c £2 = r+§(-Gs)yQCosp +s)v) 6 s)<v> 0 ) 


Fir amplitude -terms 

Makiflcj "these Substitutions and combining ’terms Cfirst io\ 0 » seuentb/ 
second wctheljhth, third 10 UK ninth .fourth with tenth, fifth “>dh eleventh 
sixth with twelfth ) ( cue a».ri corite 

_L = 2 { (fiS C-ks sine cos*) ~^<j>s(^X |essin6CbS0)CoS(4r^S5ineSi')ier) 

Eo 

^(^c^s^esi^^^cos^i^si^ecbs^cosC 5 .bssln&s'rn^) j 
cohere E-fCG, 0 ) 


(Continued ) 
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15 - 3 . 


CK. For a corner ref lector uiith an inducted angle d = 36 degree s, 
it is possible to replace +116 antenna kith a system of images. 
The system of imojes Comprises ten sources spaced equally about 
a circle of radius s , with alternating polarities. The field 
determined from this system of imajes is valid for - 18 °^ 0 ^ 1 6 °. 



Cxi.yi) = (S,o) 

CXx,y x ) = (5 CoS 36 SSin36°; 

= CS CoS7i°, S sin 71 °) 

CX4,y A ) = fs CbSlOfi* ssinioe*; = C'SCoST?" SSin 72 °J 
Os, y s ) = Cs Cos 144 ‘ ssin I44‘) = (~ScoS36° S SinJ6") 
C/ e> y 6 ) = CS CoS 19 o' SS in lfio\> - C~S, o) 

(Y 7> y 9 ) = fSCoS^IS", ssinil6") = C-SCoS36°, -s sin36°) 
CXb, _y 8 ) = Cs CBS -252° SSio-25^ = C-S GxS 7* °> ~S Sin 7-2°; 
(Ty?, _y ? ) = (s CoS-288" ssin 2 88") - (S CbS72 e , ~SS'm 7±°) 
Cxio,»= Cscos3a4 6 , ssins^V = Cs coS36°, -ssins«$*; 

E x = E e e J * s “ 

Ei _. E e ]-ksaCoS36° & jks\/s-(Vi36 e 
E3 = ^ Cos ^° e 3 fcsvs,n 720 

__e 0 e Cosfj" e j teswsin 7* 6 

g 5 = E 0 € 3 ^ yC0SS6 ° e 3 * svs, ' 136 ° 

("Continued} 
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15-3 CCont’d) 

I*=-E*ej* su 

E 7 = Eo e'j ksu CoS 36 " e ~j ks V Si H36 - 
Eg = _E„ e -jfcsua>s7-2 0 e _ j^svsm7j £ > 

E ? = e 0 e jksu q5S7j° e -j *s v sin 7-? 0 
^ _ _g o (oj^swcos^'erj^svsinT ^ 0 

E- £ E h = E 0 [>j*S« -e^ Sw 00536 ' e }Ws'(W 
te jtaua>s7J , e j*svsin7 -»*- & ~) * su Co3 7->° e j *s i/s, * 

+ e ~ j*S u ft»S36 B e jfcSlASir>3<5 e _ g-j *SH + ^-j-ksu cts36 "g-j kSVsi mj 6 * 
_ e "j' ,tSUCo S^ 0 ^-j'leSV'Siw 7-?° + e jfcsu cos^j'^-j^svSin?-* 0 
_ e j^SUft>s36 * e -j*SVSi W36* J 

s. Eo IjiSwOO -j^sin CXCbS56°)e3' rsm36 ' , +jJ2SincXQ)S7-i o ;eJ^ s ' , ' 0?, - i6 

-jis'in CX ftss 6*J e^'" 35 ’ + j 2 sin (XCO s 7J-; e-j TS " J 

= Eo [jiSin 00 -j4Sin(VCoS36*)C©S (Ysin36\) 

+ j 4 Sin (X Cos p°) Co s C Ysm 7-i°) ] 

= j E.-2rSinCX)-2SmfXQ3S36*)C2)SCYS'm36 0 )+^S(nCXfbS7^ s ;r 0 s(:r^n7^j] 

where j X = kSU * 4es sin 6 CoSps 
Y = fcsv = tes s'me sinjy 

nejlectin^. the "j% coe can corite the array factor as 
AFfQ J ^)= 2 (sincx) -2SmCXcoS36°;CoSCYS , '»)^ 0 )t-?sin6<'<'oS7j*;Ascy'sin^ o ;J 

b. See the plot on the next pa je for Computation °f the relative 
field strength. 


(Conti nued) 
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15-3 CCbwtM) 



C AF(0=3O°, 0=0°) = 2 Cks) '23'in C *SCoS36°) t- 2 S(lQ Ciftz CoS 7-? 

oi AF = 2 [C 0 SC*S) -2CoS36‘ , CoSC*SC0S36 , )+-2 ft > s 7 a * CoSCfcSOoS7*‘.)J 
dCteS) 

The first zero of Correspond i»5 to a waximaw ?«** 

relatlue field s trench occurs for 

= 6.415 c,y S = l-O *. I ^ 

The. relative field strer^th is ^t-ver by 

| AF C6=^^-o)l = 7 A8;2 - 


(Continue^} 
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15'4 . AF - 4 sin ( ^sin6 cos?) [co^C§ 5(W6G ^) - C os(£ ^-sinddn^)] 

AF=4sinCi s )[cosf^;-cosrv3 i s o)] =4smC^;[cosc^) - 1] p- 

AF= 4sm(M)fcosC^)-l] 

AF = 4sinffe)[cbsffe-l] =o 

sin(^)=o 4 ^ = SirTYo) = m, m=o ,i,z, 

s= ^ = 5^ = *^ -•• 

G>SC*5) 'l=o 4 CbsC^) = l 4 ^ = CoS"'(l) • • • 

S= 4!lL - 4HI = jmX vn= oj, ji j ■ ■ ■ 

-k 2F/A 

.'. S =• m a , m= o, 1, 2, ..• 


15-5. From (15-14) toe can cor it e for r'=r, , 8=6* 

if = roCi+ CoS 60 ) 

Clsinj. Figure 15.10 and JtWe definition of the Sine function 

Sin 0o * ~~ 4 r 0 = -^4- = - 4 — 

'o si«6» as‘(ne 0 

When Substituting it aboue, we can corite 
^ = r. f. + c. s M ^ c , + e»u) -> f = i !±^ 
(Jsm<j the trigonometric iderrt ity C See. Appendix VI-1) 
CofC%) - 1±SSS£ 

reoluc^s the atov/e equation to 


f = ^cotC%) 4 
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15*6. From (15-25) =?£ = ± Cot (3.) 

a. 0o =9o° • J ^ cot( cot C45 0 ;=i = ° - 25 

0o = l8o°: ^-= j;Q)t(£2l)=£cot:C9o°) =o 
6o < 180° : 0--25 > f/d >0 

b . 6» = o° •• ^ cot Co) = °o 

^°° ; ^-=^Cot(^) =^CbtC45°)= 0-i5 

0°<6o <5o 6 •• °0>f/d>o. ^5 


15-7 


The fnr-fie(d r^'ton Is Commonly W" to exit* a distances 
greater *W 2 dVa from ihe av»tenn* , 

A keintj the tuauefier^th, D- dimension of diameter. 

R >y 2PVa. , D = 10 meter, f = 2. GH2 -*A?0. I5weters 

At ^ R ^ 2 -t‘ 06 V(o.|5) “ 1333.3 me*« r 5 

4GH? "^\ = Q07 £ »*/e/-S. 

At. 4-GHt ^ 

R ^ 2 C 100) / (ft 075") = 2666 .66 meters 


15'8. From (2-no) 

Aem “ £ D 4 0 = $ Ae * 

(isin^. ( 12-40) 

0= f, Ae™ « £ f«f A P = «(!)»)= ^(*r=(^r 
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15'9. On the Surface of the reflector, the Current density is given by 
(15-^3), which can be written using. CI5-3-2.) and 05-3£a), as 

Is [fixCSiXEi)] = 2 . Cl C6',fS') [f)X Car x£*)] 

The polarisation of the source Can be written as 
avj = dr s'mb's\n0'+ aS Cose'smp' + costs' 

Referring to Figure 15.15, the unit vector ex Oxr\ be written as 

e* = a/x caVaV) 


I tf/X (AjXarO 

which by using the vector identity 
AxfBxC) =CA-C) 8 -fA-B)C 
Can be expressed as 

£. - Car ~ ( Qt- Qj ) <V _ ■ • (1^ -(dr-tiy )Qr 

I (oiy' drK) -Cflr-rfj)a/l I &*) ~ (&•<§)& I 
Using the transformation of CVH-U) or CVHH^a), U>e can write 
the numerator as 

A, - ( &-dj) dr' = & cos®' sinp' +a£ asp ' 
and the denominator as 

|a, - wV o,)<iV| = 7 l- shrt'sinV 
Thus - d, C(t'.<i,)ar' _ dfast/_?*ir' + ti,'asf 
Si " Id, Cdr'-djXS' \ V - sW-Sm-jr' 

-.fcr' r — - i 

Ts -z{^C L ^-rvixCA/^)] = -2 A 

cohere U =. nx( Or'X e*) = (nXe*)Gr' - Chxdf)<?i . 

FventuaUy U reduces to C 1 5 - 34 ) by Usiv)g_ (\^>~\ 8 ) and 

CVII-U) and C Vll-Ua) 
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15~10. i - (d* + A| sin?* coS<? ) f Cr.s,/) 

a. Cross Pol =£\r\ 0 CoSfl 

Maximum ■ $S=o -zero 
0 = 90 ° =$> -?er 0 
0 = ( 6 o‘ =7 ?ero 


b. Cross Pol = 'S<n / ef a>s/ = irSinCi/) 

Maximum ; j2T •= 45 ° =»o. 5 
0 = 135 ° =^ 0-5 

c - E= f al i- swes COS0 Her, a .a\ = (8x+&n& 1 \0 c *Sf*) ^ cr>6 ^ 


■J l + sin 1 / costs' 

E= awfcr.e,/; ; Hl. = ^ + Qi a'mgoftsjar 


^ _ A A # 2. 

PLF = Gx-&*i - 


V 1 4 -s'lrjs 


+ s'n'i i 0 CoS'/ 


= ir= - 3 dB 


/= 45 


d. 


PLF = I dy awT= 


s'iio 4 / cosher 


1 + si n-^gf cosher L 

^ ^= 45 ° 


o.zS 
1 • 35 


= 0.4 


_ 7c|S 


Q a = (ax + Qi, sm/ co spy 
7 I + sin 1 / <"osV 


PLF = 


r aV + a y s'iyi^cds/ \ r dlxi-dySiin^cas/ \ 
^ V I -f- si'T/rar/ / ^ ■] 1 -+ sin^eW/ ; 


15-11 


I 4 -S 1 Y 1 */- CoS*/ 

| 4 CoS *0 



= odB 


n 6 o 

, ie ° 


\kl'-a r 


ds' = 



i 


Where ^ ^ -j*r'[l-sm6'Sin6 coS</'-0) - cose'cese ) 

~ = L J 0 ~r^ x6 


x [r>x(-aWr)l r^sme-secCI-') de'd/' 

By usiivj Cl 5 -37a) 

= a 6 • [-<* (n- (?r) -erCoscI:')] = CVl • e.)str,6 - 4- er gsC^) 

- dp- [-<teCn-e r ) -eV Cos (f-')J = -fyr e r cosClj j 
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1 5-11 CCont ’d) 

Toward 6 = ff equation 05-49) reduces to C(5~51). "TViS is aebniplisbiad 
by lYiak)n<j_ tbe following Substitutions. Tbe exponential of Cl5~4-9) 
Can be written as 

r'[| -S(n0'siine CbSQer / -j2f)-CosS'CoS6] = r'Cl+coseO =-2f 

n = jf J 

by USirg 05-14). /Also 

<fe -u 1 6ir = r^- £r)si«e - %e r Cosfl-')] R tr = - <V 0oS( lr) 


A A 


B=TT 


6 = TT 


&»■ M | ft=lr = -ai-aoosC^I,,,, 

Assuniin^ agimuibal Symtnetn/, ooe am corite X as 

^ = [ o V%f6') e^ f ^ ) Cd A e r +d^.e r )| r 'seed) rosCl) sin f60de y 

= _,i!r ( 60 faVe r +ab'dr)| ’/%&') r's)n&'db / 

Jo ^ 6=ir 

Since r'= f sec 2 (|. / ) ; as j wen by C15-/4&), we Can write. X as 

Il e „- - 2T f' eJ f f 

Since s'm 6 ' = sin f£' + 4r ) = 2 Sin ( |/) Co s (A') 

^ls=T = r^fCfiV^. + V £) ] -J &i(b') Xand- 7 ) «fe' 

)« 6=ir 

Assawin^tbe Cross polarised field is Svnall 

(Qe-dr +4-e r ) 6=1r e-i 

ThUS X| e=1r --4irf ei^f W£)d8' 

^ [W M6*' 

E a, S-ir)= -jStf [£ •£] * . U f * ;v 

(ohicb b used to form C 15 - $2a) , 05- 53), and 05-54) 
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15-12 


d= 1 meter. 


i = 3^H2, 

D. * (jc)' • aperture efficiency 

Uniform lUttwina.tco'vi, 6ap = i 

Do= (lL_i) x = ^86.^6 

b. fap “ €t’ &s ~ (0.8)fo8B) : = 0.66 

Do = (- 5 r 9 * Cft 68 ) = 

Dc = 67 /. 13 - 2&.27 48 

total a^rtiiu^e e-fffdewty ; 4a|> = 0.68 = ~l-67# t ?d5 


15-13 

a 


■7 698) ~60.$3 


i/ d = 0.4284 
Usina 05-24) 

t. = tar? [t 4 -~— I =W[ f 5 “ Wi I =Wfr. 

0.= 2G«= UI.06’ 

b. Us'mq C 15 - 55 ) &o 

Cap | ( o WtO 4&'| =Q>* a fr)l[ V? <*(!•) *“*(£) de ' 

= *■**(» i t‘*sn © J#'l a ■ h»s(f) ]^P 

^ap (6c, = 60.53*) = 8 Co t *( ) [ | - CoS ( 60.53‘ j] *= 8(2.937)(o.o I® 5 ?6) 

£ap 6 6o = 60.53*) = 0-43644 =£ £ fl p =43. 644% 

C. Do=^p(x) a : f=IO<5-He^ A= 1 |£l^ = 3 X 10 -*= 0.03 -meters 

ol= 42.672 weters x p o = 6.43644 C n C 0 4 ^^) = 8.7/5X10* - 69-74 B 
d. Usino 05-65) 


|- ^ O-^JMl-zCiTlT^ 0-9618 0.9618 D 0 

^ 4 0.9618 C ft 7/ffX 10*) =8.3822 x»o 6 = 6?.234dB 
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15-14. f/o(=0.38 

, , ~i r o.SCaS>8) "I 

a. Using 05-^4)4 00=^ L f0 . 38) ,_ I/(6 J-^ 6 - 58 

From Figure 15-20 <3r-p = Cbs V| 0 / - Costs' 

b. For Gf=GbS 1 6 / =^ ^apCGo = 6€.68°) cr 0.53 

f/d - 0.38 = '°Vd =*d = ,0 */C6.38) ®-2«-3lS8A. 

D = ( ) Vap =■ [ TrC^6.|)58)A y 0 83 _ 5572.^ = 37. 53<5de 

C From Fi^um 15.22, the fiel4 strength of -t*»e 0)5^60 P 0 ^™ 
alowj 6=60 = S£.68° is 8 dB docon from the maximum . 

15*15 When o, reflector is illuminated by a point Sourae. flooded at I tsfbcvs, 

"the amplitude distribution an its aperture, is not Uniform . This is evident 
by recalling that the energy radiates by a Spherical Source decreases 
by Vr 1 C Vp" for a Cylindrical Sour'd?). After reflection ftow the paraboloid 
the rays are parallel to each 0 tlv?r and maintain the same energy density 
distribution . IT deriue tbe amplitude taper on the aperture ©f a paraboloid, 
iet us refer to Figure 15-10. Assuming initially that tine feed Source is 
isotropic, the power radiated Within a rone of inducted angle de'ftohen 
rotated about the 2 -axis through 36o°) Can be (written as 

dp = c ^CsinB'de') cb*'=. 2 TrC sineW 

where C is a Constant. This power must also appear In the aperture 
ring dA= 2 ir^d^ cohere .(>'= r's'm 6 '. Thus a)e ran write, 
dp _ in C^sjn6 / d6 / _ ^IT-C ■Sin6 , d6 / _ c _L de' 
dA air^'d^' 5irr / sin6 / df / r ' 

Since ol^ = r / de / 

-Cr> r^dQ' = t Using Cl5-I4a) , th reduces to 
d£ = _^ „ Jc . C 

clA f^sec^e/i) rf secW/o]* f i [l + tan i re^)] i 

by Utilising the frigo metric identity of Sec A x — It tan V CSee. Appendix VI) 
It Can also be written as 

@ip CZt — C 

5A ~ t A r i+sinV/0/&s a (e'A)r f* 

Xf the source is not om m direct ion at , and It has a symmetric power pattern 
<3f(G \ then ^ -4f^0 Cns 4 ^'). 5or^ to remain (hmstavt^ = Sec? (Q 
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15-16 


j tt/j. r * 

a . ff G f (eOcliL=p t £g» as 4 d-"j smfr'de'd^ »<*j &$*(■¥) s'w e'M - <>r 

- 0 - T/i .rVi 

Thws Go[ Cbs^l^sme'de^ Gcj^<bs 4 Cf)sta$) cos^'j de'=^ 

- &j^*)*.(i)i.'- 

& nWitfdtM©] - s. [ = - * 

/ f*\ 


_ X 
— ~ a 


c. 0 r «*!*) -cos Co) 3 = -3 * £o = I T^ ) - 1 -T^r = *<** 
t £ap — co^^)| f 6 e ^r= I CoS^4) -^v, rr; del" 

=<5o- o»t*d) I £V(.L') sm (i) ae' | A - Sc-Cot^) fj- fS'm'de'l 1 
= <s„ ca j ( £)■ ^ [- g>$&'| 6 ; ] a = s 6 - [ 1^S6«] * Q &tY sm 4 ( ^ j 

^ a P ~ -|X|j -sin 4 ( y = <5 0 Co$ A (%)sinf I?) = Go [&s(%)-vS‘ih (i?)J *■ 

G,p = Go [ i s.vT( 0.)3 *■- SivtU) = ^f 8i - siv>"6. = & 857/5 ®iv»^ 

£a f = 0.857/5 Sin Go 

c . 0» = ?O° for 'WO-xitouftn aperture efficiency. TW tota\ Subtended av^e 
is o^ual to ’©'o = ^6 0 = 180°. The waximuryi aperture efficiency is e<jua| 

■to &!» Ur *85.7/5% 

15-17 «• «•= 

Trow (15-5? b) £ap= 4o { Sin 4 ^5 0 ) + in(CoS(45 0 ))) Oot(45 0 )=Q3?JO 

b - D = M73 [s 5^7„./= fSMfi.W4 

C £. - f» % (6 , J-'Sin6'c(e / . , 

5 ■■* e •= 1. ^ettuse ^e. ciijn has Suci) agorae 

^ 1 ° ivi c luoleo/ a.Kjle^. Surroto^ds *h<® 

feed patter OrHpletehj. 

d. f.£, = «„ =4 0573 = 0 .j 7J 
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15"18 The to fi«d( f a[ > or ft directly is difficult. 

Best cooy is to f<n 4 *^rom cTtr^cjHvity avic( then divide ky ^puiovet 
Do = ( = 5-42. X | 0 6 

[c^fc)]V 542 1,105 4 

6 S - cos." (&) sine'de' r 

^5 => Q 5 s ,0 6'siv)6 / c(6 / - 6 

CoS 16 f 0'; sin a 'ole ' ' w + 1 

c s = .zi ps' (&')l * ijoss-l _ 0 . 7 ^ 5 = * 

“ CoS" fg') p°° -1 


0.^055 _ 0 y^ s _ ^ 


(ft = G<- 


Since all other effi c/e*a cies are loo/. 


ft = °-79 q 9 = a. ??54 = f* 
o.7?45' 

15-19 f= 3W2 # 

d. 0 O =. iah -1 
00=30° 

6 Q|> Cr)=2) = 24 {&+(%) + )• Cot^) 

= 24 ^ Sin 4 (a 5) + in [CoS C-^ 0 )] ]^Cot\2S) 

= 24 { fd. 4226 )V In [o.?o63] p ( 2.144 5 ) = 0. 7o99 

Do L = (-^^J(0.7/)= r3ooirr(o-7/)= (9 42.4-78)^0-7/ 

Do = 8.882644 ^lo 5 Co.7/) = 6- 30S67?XIO B = 57.998 — 58 dB 

k Aen, = ^D 0 55.763 * 4 

- =0-7/f^>d7/C^°J = 5S.7f3Kn 4 

Ae* - ^ ^ P T = Aetn Wi = 55.763 • C fox lo" 6 J 
FV = 557. €33 X lo -6 = 0.557633 X |o“ J Watts 
Pj. = 557 633 /( Watt-s = o. 557633 Tn Waits 

A P y = TTr^T^)^ 78. 5398 w x 
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15-20 

a. 


D-VxT 

C = 2ttq - zn(4:) - ttoI = 3TT meters 




°- 75 (lfe)= a75( ' 507T ^ 


D 2= O.75 C250O7T 1 ; - 19, 505". 51 * 42. 673 <J8 


^ ^ ~ 4^r U, = 05,505.51) = 5.3 m 3 - 

Pr ~ Aem Wi = 5-3ClOXIo~ 6 ) = 53x 10 6 Watts 


C. P T = 53 X 10 6 Cl-lrl*) ” 53 X I0 -5 C I - 10.21*) = 50.88 x\o 6 Watts 
P T = 50.88 XI0~ 6 Watts 


15-21 


a. 

b. 


e - S0 ‘- 

% = i Cot C I?) = \ Cot ( %°J ~i Cot (3o°) = i Cl = 0 -453 


d= ^/o.433 = 5/0.433 - II- 5 47 meters 
d- 11-547/0.03 = 3S4-? A ^ <\ = \32.A5X 


HPBW - - 3 ?- 2 -- 

a/A 


29, 2. 
19-2.45 


0.15 


Side lobe Level = - 17.6 dB 


a 


c . Directivity * ( F 77 (384.?)] *=0,207.17*? )*- 1,462,162. 253 

P„ = 1,465, 162. 253 « 6 1. 55 dB 

d- DoCPraus) = 44553 = 1,833,466.67 = 62.<T3dl3 
0.I5C0.I5) 

Do fTai £ Pereira) = _ 75, 8 1 5 = 75, 81 5~ -| j6lg> |||j| 

®rd+®i( ■ 2 f°i 5 ) i 


= 65.09 dB 

e - loss Factor 

tt = 0.64 XIO* 3 m /0.03 m = 2I.33XI0~ S \ 

_ 0~f4ir fat- 33) X(0 _J ) i _ ^-( 0 . 3.68 )*_ g- 0.07187 


LRdB) = zolo^ tt> e 0 ' 07 ' 8 ' 7 = 20 C - 0 . 07 / 57 ) io^ lo e 

= 20 6-0.07/87) 60 43427) 0-0718 7)68.686) 

LRd8) = 0.624 dB 
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15-22 f/i = 0.357, d= 10 meters. 


%C6'J = Cbs 4 Cfl/a) 


p 7 o € 

0. £s = j„ ° % fe') Sine'clG ' _ £ cos^Cs'/i) s'me'de' 

C G-f(6'j srine'cie' f* Cos^ev^elne'oie' 

So = ta| o~’ r^Ll = fran 1 r > Co - 357) ] = W [2.748 s] = 7o 
L (iL7- L f0 .357)*-_y l6 I 



| 0 

jsnofl'ds = J f (sine'-f CbS0 'Sir 0') d S' j 


7 o’ 


ftWMiW 

r'Bo 

N = ( Wce'/tOsine'de^ 

-6 

= z { [“Co $6'- ^- 6/ ] 0 °} ~ -’ 5 [CoS6. + i: GsS^o-l - a ] So= 

N - - z to. 34^0 -iCO-M^O ) — 1-53 = “ 2T(-f-0^95" ) =0.5478 
0 = f\^(e7z)s}Y)eW- -j[ccs6 0 + icos%-is] = = 0 . 7 s 

JO Oo® TO 

€* = = 0.7330 = 73.30 /„ 

b. €* = 2Cot a (^) I d s'P = 2CotYx)"5- 

s'lne'do' 

7(9® ^ 

fj iay\(^)dS' j 



a. 

/I — 


sm 


in fl:)di5' 


= |aJ^m(Sr / )^| 1 = |ar-as(t';]*‘| l =| 2 t-<M 85 t)+o| -fo. 3 tm‘ 
N = 0-1308 

D - p° %(6') s'inco'JdG' = £ CoS*(&')s\nQ / dG / ~ fl - 5 W 

c. fflp= &•€*« 0.7330 O.?? 0 £) = 0-7115 = 70 / 5 % 

d. IX=($)% p ,A=^ ? =o.o3rn^ a=f^f > /-fo7//S-; = ^o.^x/o 3 
Do = 780.53 YIO* = 58 .*f 5 dB 

s. D~D # e f4 *^ = 760.23x!0 3 e f4ir/ ' 00 ^ = 780.2ZXl0 3 -e CO IZS ' 7) 

= 780.23 x 10® ( 0, < ?843) — 747. ?8 *lo 3 = 58.85 dB 
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15 - 23 . Prom Pyure IS -27. 

q f/oj = o.$0 4 a, = I S4-A,b, = 0.34 A oit6 (tianc/fo of any Oo/ue. 

b. ^/d = 0.75 4 a, = /. 77 A 1 . 637 V. ^ = , 4 A, oo ) 

4 bi = / 22A (pi = -2A) , |. 26 a (p, = 3A, 4.A, oo ) 

C. f/d =1-0 4&, =2./4^(pi = -2^)> 2-a7(f**3XX 2.37\((>2 = 4\), 

2 4 A = oo) 

4 bi = |.4?\(pi=2\), /.57A(p,=:3A.), I-64A C^~ 4A,a>) 
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